Oneota ground stone technology in the Central Des Moines River Valley of Iowa by McCullough, Laura
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2007
Oneota ground stone technology in the Central
Des Moines River Valley of Iowa
Laura McCullough
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Archaeological Anthropology Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
McCullough, Laura, "Oneota ground stone technology in the Central Des Moines River Valley of Iowa" (2007). Retrospective Theses
and Dissertations. 14874.
https://lib.dr.iastate.edu/rtd/14874
Oneota ground stone technology 
in the Central Des Moines River Valley of Iowa 
 
 
by 
 
Laura McCullough 
 
A thesis submitted to the graduate faculty 
in partial fulfillment of requirements for the degree of  
MASTER OF ARTS 
 
Major: Anthropology 
Program of Study Committee: 
Matthew G. Hill, Major Professor 
Nancy R. Coinman 
Paul F. Anderson 
 
 
 
 
 
 
 
 
 
 
 
Iowa State University 
Ames, Iowa 
2007 
 
 
 
UMI Number: 1447579
1447579
2008
UMI Microform
Copyright
All rights reserved. This microform edition is protected against 
    unauthorized copying under Title 17, United States Code.
ProQuest Information and Learning Company 
300 North Zeeb Road
P.O. Box 1346
     Ann Arbor, MI 48106-1346 
 by ProQuest Information and Learning Company. 
  
ii
TABLE OF CONTENTS 
LIST OF FIGURES ---------------------------------------------------------------------------------------------------iii 
LIST OF TABLES ----------------------------------------------------------------------------------------------------iv 
ABSTRACT -------------------------------------------------------------------------------------------------------------v 
CHAPTER 1: INTRODUCTION -----------------------------------------------------------------------------------1 
 Eastern United States ----------------------------------------------------------------------------------------2 
 Debate Over the Oneota-------------------------------------------------------------------------------------3 
CHAPTER 2: ORIGINS OF AGRICULTURE ------------------------------------------------------------------7 
 Definition for Agriculture --------------------------------------------------------------------------------11 
 Oneota --------------------------------------------------------------------------------------------------------12 
 Moingona Phase --------------------------------------------------------------------------------------------12 
 Oneota Reliance on Agriculture -------------------------------------------------------------------------13 
 Ground Stone and Agricultural Intensification -------------------------------------------------------15 
CHAPTER 3: ENVIRONMENTAL SETTING----------------------------------------------------------------19 
CHAPTER 4: METHODS AND DATA-------------------------------------------------------------------------21 
 Sites in the Study -------------------------------------------------------------------------------------------21 
 Biases in the Sample---------------------------------------------------------------------------------------23 
 Methods ------------------------------------------------------------------------------------------------------24 
CHAPTER 5: RESULTS--------------------------------------------------------------------------------------------27 
 Results of the Analysis ------------------------------------------------------------------------------------27 
 Shape----------------------------------------------------------------------------------------------------------28 
 Surface Number---------------------------------------------------------------------------------------------29 
 Wear Level --------------------------------------------------------------------------------------------------29 
 Surface Coverage-------------------------------------------------------------------------------------------30 
 Texture -------------------------------------------------------------------------------------------------------31 
 Residue -------------------------------------------------------------------------------------------------------31 
 Descriptions -------------------------------------------------------------------------------------------------34 
 Comparison with Other Oneota Regions --------------------------------------------------------------45 
CHAPTER 6: DISCUSSION---------------------------------------------------------------------------------------48 
 Key Results --------------------------------------------------------------------------------------------------48 
 Theories on Oneota Resource Diversity ---------------------------------------------------------------50 
 Ethnobotanical Remains ----------------------------------------------------------------------------------52 
 Artifacts and Faunal Remains----------------------------------------------------------------------------53 
 Paleopathology and Stable Isotope Analysis----------------------------------------------------------53 
 Ethnographic Analogy-------------------------------------------------------------------------------------54 
 Storage Pits --------------------------------------------------------------------------------------------------55 
 Comparison with Mississippian Sites ------------------------------------------------------------------57 
CHAPTER 7: CONCLUSIONS -----------------------------------------------------------------------------------59 
 Models Based on the Fremont ---------------------------------------------------------------------------59 
 Limitations---------------------------------------------------------------------------------------------------60 
 Suggestions for Future Research ------------------------------------------------------------------------62 
APPENDIX 1: RECORDED ATTRIBUTE STATES FOR ARTIFACTS -------------------------------65 
APPENDIX 2: ATTRIBUTES-------------------------------------------------------------------------------------74 
APPENDIX 3: CHI SQUARE -------------------------------------------------------------------------------------75 
APPENDIX 4: GIS ANALYSIS ----------------------------------------------------------------------------------76 
REFERENCES CITED-------------------------------------------------------------------------------------------- 101 
 
 
  
iii 
LIST OF FIGURES 
 
FIGURE 1: Schematic illustration showing relationship between design of ground stone tools and     
reliance on agriculture -------------------------------------------------------------------------------------------------5  
FIGURE 2: Illustration showing location of recorded metric measurements for artifacts -------------24  
FIGURE 3: Location of sites in the five county study area --------------------------------------------------25 
FIGURE 4: Pigment residues on a grinding slab from 13MA21 -------------------------------------------32 
FIGURE 5: Comparison of attributes states related to intensive processing------------------------------32 
FIGURE 6: Comparison of attribute states associated with the use of artifacts --------------------------34 
FIGURE 7: Examples of manos from the Mohler Farm site -------------------------------------------------35 
FIGURE 8: Example of strategic manos from the Howard Goodhue site ---------------------------------36 
FIGURE 9: Strategic two handed mano and companion grinding slab from the Cribb’s Crib site---36 
FIGURE 10: Strategic sedimentary grinding slab from the Howard Goodhue site----------------------37 
FIGURE 11: Possible grinding slab fragments from the Howard Goodhue site -------------------------38 
FIGURE 12: Local raw material available for the manufacture of grinding slabs-----------------------39 
FIGURE 13: Graph illustrating the size distribution of complete and fragmentary mano artifacts --40 
FIGURE 14: Graph illustrating the size distribution of complete and fragmentary grinding slab     
artifacts -----------------------------------------------------------------------------------------------------------------40 
FIGURE 15: Strategic sedimentary grinding slab from the Clarkson site---------------------------------41 
FIGURE 16: Expedient grinding slab from a Middle Woodland site (13BN12)-------------------------42 
FIGURE 17: Expedient grinding slab from the Late Woodland Saylorvillage site----------------------43 
FIGURE 18: Example of expedient manos from the Saylorvillage site -----------------------------------43 
FIGURE 19: Strategic two handed mano from the Saylorvillage site--------------------------------------44 
FIGURE 20: Strategic two handed mano from the Oneota Cribb’s Crib site-----------------------------44 
FIGURE 21: Possible trough metate from the Saylorvillage site -------------------------------------------45 
FIGURE 22: Size, in acres, of a Middle Woodland and Oneota catchment-------------------------------83 
FIGURE 23: Location of catchments in Carslisle, Iowa and Red Rock Reservoir localities ----------84 
FIGURE 24: Catchment for an Oneota site (13MA36) beneath Red Rock Reservoir ------------------84 
FIGURE 25: Comparison of GLO Historic Vegetation types for sites in the sample-------------------85 
FIGURE 26: Comparison of soils native vegetation types for sites in the sample-----------------------85 
FIGURE 27: A Middle Woodland, Late Woodland, and Oneota catchment -----------------------------86 
FIGURE 28: Maps illustrating Land Capability Class and Landscape Position for a Middle 
Woodland, Oneota, and Late Woodland site --------------------------------------------------------------------87 
FIGURE 29: Graph illustrating Land Capability Class ratings for sites in the sample -----------------88 
FIGURE 30: Maps illustrating areas located within non-catchment definitions #1 and #2------------93 
FIGURE 31: Maps Illustrating areas located within non-catchment definitions #3 and #4------------94 
FIGURE 32: Howard Goodhue catchment, including GLO Historic Vegetation and soils native 
vegetation --------------------------------------------------------------------------------------------------------------99 
FIGURE 33: Howard Goodhue catchment, including Land Capability Class ratings and  
Landscape Position ------------------------------------------------------------------------------------------------- 100 
 
 
 
 
 
  
iv 
LIST OF TABLES 
TABLE 1: Total excavated areas for Oneota sites -------------------------------------------------------------23 
TABLE 2: Description of attribute states recorded for ground stone artifacts----------------------------26 
TABLE 3: Number of ground stone artifacts recovered from excavated and surface contexts -------28 
TABLE 4: Frequency and percent for selected shape attribute states --------------------------------------29 
TABLE 5: Frequency and percent of number of utilized surfaces ------------------------------------------29 
TABLE 6: Frequency and percent for wear level attribute states -------------------------------------------30 
TABLE 7: Frequency and percent for surface coverage attribute states -----------------------------------30 
TABLE 8: Frequency and percent for texture attribute states -----------------------------------------------31 
TABLE 9: Frequency and percent of artifacts with residues-------------------------------------------------31 
TABLE 10: Size comparison of ground stone artifacts from multiple Iowa Oneota regions----------46 
TABLE 11: Data sources and layers used in GIS modeling -------------------------------------------------80 
TABLE 12: Soils Landscape Position for sites in the sample------------------------------------------------87 
TABLE 13: Percent of Historic Vegetation (GLO) types in catchment and non-catchment areas ---94 
TABLE 14: Chi-Square analysis between GLO habitat types of catchment and non-catchment  
areas ---------------------------------------------------------------------------------------------------------------------95 
TABLE 15: GLO Historic Vegetation types by catchment (in percent) -----------------------------------97 
TABLE 16: Soils native vegetation types by catchment (in percent) --------------------------------------97 
TABLE 17: Land Capability Class ratings by catchment (in percent) -------------------------------------98 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
v 
ABSTRACT 
 The intent of this study is to analyze the ground stone artifacts (manos and grinding slabs) 
from 14 late prehistoric sites in the Central Des Moines River Valley of Iowa.  This was done to 
address the relative reliance on maize agriculture during the Moingona Oneota Phase.  In total, 
ground stone artifacts from 11 Moingona Phase Oneota sites were analyzed, as well as ground stone 
tools from two Middle Woodland sites and one Late Woodland site, for comparative purposes.  Based 
on design theory models and recent research on the correlation between the size and design of ground 
stone tools and the intensification of agriculture, it appears an overwhelming majority of Oneota 
manos and grinding slabs are of expedient design.  This supports the hypothesis that Moingona Phase 
Oneota groups were only partially reliant on maize agriculture, with a subsistence base that relied on 
a mixture of hunting, gathering, and farming.    
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CHAPTER 1  
INTRODUCTION  
  
 As the discussion in this chapter will show, agriculture had an important and obvious impact 
on societies that affected mobility, social structure, and technology.  The focus of this paper will be 
on one specific late prehistoric culture of the Midwestern United States, the Oneota, and the role 
agriculture played in their overall economies.  Theories on the relationship between ground stone 
technology and reliance on agriculture will be discussed to propose expected patterns in Oneota 
ground stone assemblages, based on the degree to which they relied on agriculture.  Finally, this 
chapter will conclude with possible explanations that may help to determine why some late 
prehistoric groups may not have been intensive agriculturalists. 
 The transition from hunting and gathering to agriculture represents an important process in 
human prehistory.  Its importance is highlighted by the fact that it is often identified as one of the 
hallmark events that had a major impact on human evolution, alongside changes including 
bipedalism, the migration of people out of Africa, the invention of writing, and the peopling of the 
Americas.  In the past, scholars believed agriculture represented the apex of cultural evolution which 
allowed for the development of civilizations such as Ancient Egypt, Mesopotamia, Ancient Greece, 
and ultimately Western civilization (Winterhalder and Kennett 2006).  In part, this was attributed to 
the “obvious” benefits of agriculture, including storable surpluses that provided for growing 
populations, increasing social complexity, and craft specialization (Winterhalder and Kennett 2006).  
 Within this context, agriculture was viewed as a more reliant and a more productive food 
base than hunting and gathering, which consisted of groups continuously looking for the next 
available food source.  In more recent times, however, anthropologists have acknowledged the fact 
that the benefit of agriculture is not as beneficial to cultures as it once was believed to be.  In fact, 
analysis of agricultural diets has shown that relying on only a few staple food crops results in 
deficiencies of a multitude of essential nutrients, while many hunter-gatherers maintain a balanced 
and nutritious diet (Goodman et al. 1984).  Agriculture also requires an increased work load 
compared to foraging and hunting, making it necessary for people to clear fields, plow, sow crops, 
tend and weed fields, harvest, and finally process the crops that they planted.  In the end, many 
agriculturalists were working harder to produce nutritionally deficient food sources, when compared 
to their hunting and gathering counterparts (Flannery 1973).  
 Agriculture can also be equated with increased populations, sedentism, and social 
stratification.  Although in some areas of the world this may have laid the groundwork for complex 
civilizations, it also meant a large number of people were living in fairly confined spaces.  This 
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setting provided the perfect environment for unsanitary living conditions where infectious diseases 
often ran rampant (Powell 2000).  Social stratification, as well, led to differences in status that 
allowed for poor treatment of certain portions of the population.  These multiple variables resulted in 
increased warfare among groups vying for prime agricultural land (Buikstra and Milner 1991).  Based 
on the numerous negative effects associated with the adoption of agriculture, one important question 
to ask is why would groups come to rely on this particular subsistence base? 
 Numerous theories have been proposed to explain this transition from hunting and gathering 
to agriculture.  Some of the first theories suggested agriculture was simply the next stage on a 
continuum of cultural evolution, with hunting and gathering representing a less advanced stage of 
development (Winterhalder and Kennett 2006).  Later, archaeologists proposed different explanations 
that suggested groups were somehow pushed into adopting agriculture.  This includes V. Gordon 
Childe’s Oases Theory (1936) that centered on environmental causes and Binford’s (1968) and 
Flannery’s (1993) different explanations for the effects of population pressures and the adoption of 
agriculture in marginal zones.  Other theories, such as Hayden’s (1990, 1995) social competition 
theory, suggested complex groups in resource rich areas adopted agriculture as a means of 
competition.  The most recent theories on the development of agriculture often incorporate a number 
of different variables, including climate, population pressures, and socio-political variables to suggest 
a set of complex factors can be used to explain why cultures adopt agriculture (Barlow 2006; Price 
and Gebauer 1995).  
 
Eastern United States 
  The Eastern U.S. is important to discussions on the origins of agriculture because it has been 
identified as one of the six major centers of initial plant domestication in the world.  Smith (1992, 
1995) was one researcher to propose that weedy plants such as chenopodium, marshelder, and 
sumpweed readily grew in floodplain areas that were disturbed by human groups.  Eventually, 
humans would come to realize the economic potential of the plants and begin to encourage their 
growth in settings located near their villages and camps.  Later, other cultivated crops besides these 
native cultigens would be added to Eastern prehistoric groups’ diets, including beans, squash, and 
most importantly maize. 
 One point to make, however, is that although groups were partially reliant on domesticated 
crops, they did not become full scale agriculturalists for another 1000 years after the introduction of 
maize (Smith and Cowan 2003).  For many prehistoric societies living in Woodland times, native 
domesticated plants were just one component of a highly diverse diet that was also heavily reliant on 
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hunting and gathering.  Because of this, groups maintained a level of egalitarianism and continued to 
live in dispersed settlements, although many were constructing elaborate ceremonial mounds, which 
were often used as a hallmark of complex, agricultural groups in the past (Smith 1992).  
 It was during the Middle Woodland era (AD 200) that maize, as well, was first introduced 
into the Eastern United States.  In the past, many archaeologists erroneously assumed that the 
existence of maize at a prehistoric site was an indication societies practiced intensive agriculture 
(Smith 1992).  Now, however, archaeologists realize that although maize began appearing at Middle 
Woodland sites, for 500 years or more this plant was only a minor crop in the suite of cultigens that 
were raised by these groups (Yarnell 1993).  In fact, many archaeologists suggest maize may have 
been grown strictly for ceremonial purposes and was rarely eaten as a food item.  It was not until AD 
900 that maize becomes ubiquitous at archaeological sites and there is evidence to suggest groups 
were intensively growing crops (Smith 1992).  
 The culmination of maize agriculture in the Eastern United States is represented by the 
Mississippian sites of the American Bottom.  Here, maize agriculture has been directly associated 
with the creation of chiefdoms, such as Cahokia, where maize served as one of the primary food 
sources.  Evidence to support this includes the ubiquity of maize found at Mississippian sites, shell 
tempered ceramics in numerous forms and sizes, the presence of both above ground and below 
ground storage pits, and specialized food processing stations (Myers 2006).   
 
Debate over the Oneota 
 What is less clear is the role maize agriculture played in the economies of late prehistoric 
groups that precede the collapse of Mississippian cultures at around AD 1200.  Just one example of 
this is the Oneota, a late prehistoric culture that dates from AD 1100 to historic times, whose 
distribution is roughly equivalent to the Prairie Peninsula geographic region (Alex 2000).  In 
archaeological literature, the Oneota subsistence base is often defined as a “broad spectrum diet” that 
incorporated a mix of both hunting and maize agriculture (Brown 1982).  At numerous Oneota sites, 
the presence of deep storage pits, bison scapula hoes, and antler rakes support this emphasis on maize 
agriculture.  Yet at other Oneota sites, there is a paucity of such artifacts, with instead a greater 
quantity of faunal remains to suggest reliance on hunting (Harvey 1979).  Because of this, there has 
been much debate over the degree to which Oneota were reliant on maize agriculture or if they 
utilized a number of different wild plants and animals (Benn 1989; Brown 1982; Hart 1990).   
 Research in the past has contributed greatly to the overall understanding of the Oneota diet 
and reliance on agriculture.  This includes the examination of ethnobotanical samples (Moffat et al. 
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1990), stable carbon isotope analysis of Oneota skeletal remains (Tubbs and O’Gorman 2005), and 
the recovery of agricultural implements such as bison scapula hoes, antler rakes, and shell corn 
scrapers (Gradwohl 1982).  Other indicators that have been used to argue for reliance on agriculture 
include paleopathological markers on skeletal remains that are used as evidence for agriculturally rich 
diets, including dental caries and tuberculosis (Goodman 1984).   
 Despite this evidence, however, there still appears to be much variability in how 
archaeologists define the economy of Oneota groups.  The intent of this study is to analyze the ground 
stone assemblages of 14 prehistoric sites in the Central Des Moines River Valley to attempt to answer 
this question of to what degree the Oneota were reliant on agriculture.  The ground stone will be used 
to address this problem because past research has shown that properties of ground stone technology 
can be used as proxy measures for dependence on agriculture.   Recent research has demonstrated, for 
example, the overall size of ground stone tools associated with the processing of crop foods, such as 
manos and metates, increase in size as agricultural practices intensify (Hard 1990).  With this 
intensification as well, manos and metates appear to become more formal, or strategic, in design 
(Diehl 1996).   
 Examples for sites in the Southwest reveal that hunter-gatherers commonly use cruder basin 
metates with small one handed manos, while agriculturalists often use trough metates with large two 
handed manos (Diehl 1996).  Based on these observations, the intent of this study is to address two 
questions: 1) the relative degree to which Moingona Phase Oneota groups in the Central Des Moines 
River were reliant on agriculture; and 2) why Moingona Phase Oneota cultures may not have been 
reliant on agriculture.  Overall, the ground stone assemblages for 11 Oneota sites will be examined.  
Three Woodland ground stone assemblages will also be used for comparative purposes to determine 
if there were any temporal changes in the ground stone technology.   
 The basic assumption is that if the Oneota were heavily reliant on agriculture, their ground 
stone technology should be of an adequate size and have a formal design.  Generally, their manos and 
metates should be equivalent to ground stone tools used by other Midwestern prehistoric groups that 
were also intensive agriculturalists.  If the Oneota were not heavily reliant on agriculture, their manos 
and metates should be small in size and be more expediently designed pebbles and cobbles.  If the 
Oneota were less reliant on agriculture, their ground stone tools might also exhibit use for multiple 
activities, indicating they were not used to process agricultural foods only.  Figure 1 illustrates the 
relationship between artifact form and reliance on agriculture.  
 Secondly, if Moingona Phase Oneota were not reliant on agriculture it should be explained 
why this is so.   Numerous theories on the adoption of agriculture can be used to identify factors that 
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lead to reliance on a broad based economy, rather than an economy reliant on a few staple food crops.  
Drawing from research in the Fremont and elsewhere, there is the explanation that a broad based 
economy allowed groups to buffer against possible food risks (Barlow 2006; Simms 1999).  If this 
was the case for the Oneota, there should be evidence they were relying on a number of different food 
resources.  It is also possible the Oneota developed other mechanisms alongside resource diversity to 
cope with food stress, which would be found in instances of increased storage, mobility, and trade 
with other groups (Halstead and O’Shea 1989).   
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Figure 1:  Schematic illustration showing relationship between design of ground stone tools and reliance 
on agriculture 
  
 Oneota reliance on agriculture may seem to have little relevance outside the sphere of 
Midwestern archaeology.  Yet understanding the mechanisms that result in agricultural intensification 
have important implications for societies today.  Only within the last 10,000 years have cultures come 
to depend on agriculture, yet this transition has had a profound effect on human civilization.  
Agriculture has led to population explosions and rapid advancements in technology, resulting in the 
modern world as we know it today.  This includes literacy and concepts of statehood (Barker 2006).   
 Agriculture is also the reason why a large percentage of the world’s population today relies 
on only a small number of staple crops. Archaeological research is important in understanding how 
groups became reliant on these foods and the effects this reliance had on populations.  In prehistoric 
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times, paleopathological evidence shows diets rich in maize had negative effects on the dental health 
and overall physical health of cultures (Goodman et al. 1984).  This same pattern is evident in modern 
American populations, where corn is an important ingredient in thousands of different processed 
foods, which some have linked to our country’s growing obesity epidemic (Ettlinger 2007).  Based on 
this, the role agriculture played in prehistoric populations has important implications for societies 
today, where 12 crops make up 80% of the annual agricultural yields that are produced and consumed 
by modern populations (Barker 2006).   
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CHAPTER 2  
THE ORIGINS OF AGRICULTURE 
  
  The beginning of this chapter will discuss the various theories that have been proposed to 
explain why groups adopt agriculture.  Next, the term agriculture will be defined to make explicit 
what is meant by intensive agriculture in order to determine whether or not this term should be 
applied to Oneota prehistoric groups.  Oneota culture and the Moingona Oneota Phase of the Central 
Des Moines River Valley will be briefly mentioned to provide a background for further discussion on 
Oneota reliance on agriculture.  Different theories on Oneota agriculture will also be discussed in 
order to better understand this hotly debated topic.  Lastly, the relationship between ground stone 
technology and reliance on agriculture will be used to address the role of agriculture during Moingona 
Oneota times.  
  
Theories on Agriculture 
 Understanding global theories on the adoption of agriculture may help to explain if and why 
Moingona Phase Oneota groups were reliant on maize agriculture.  This begins with explanations as 
to why humans domesticated plants and than ultimately became reliant on plants through systems of 
agriculture.  This is sometimes difficult because numerous theories have been proposed throughout 
the history of anthropology to explain why hunting and gathering groups came to be reliant on only a 
few staple food crops (Winterhalder and Kennett 2006). Many of the earliest theories began with the 
assumption that cultures progressed along a unilinear pathway from hunting and gathering to the 
culmination of socially complex, agricultural groups (Barker 2006; Bellwood 2005). Later theories 
proposed a number of different stresses pushed groups into adopting agriculture.   
 Overall, three stress factors are identified as possible causes for the adoption of agriculture.  
These include population, social, and environmental stresses (Watson 1995).  Population factors refer 
to an increase in the overall number of people and a growing population density within a particular 
area.  Some archaeologists argue prehistoric groups may have hit a critical population level where 
their hunting and gathering practices could no longer sustain all individuals living within that society 
(Binford 1968).  Agriculture was adopted as a means to produce higher food yields than previous 
hunting-gathering food bases.  In effect, agriculture allowed groups to exploit smaller units of land 
that fed larger populations (Watson 1995; Winterhalder and Kennett 2006).   
 Cohen (1977) was the first anthropologists to propose a correlation between exploding 
populations and the transition to agriculture. He suggested the emergence of agriculture in 
independent centers throughout the world could be explained by growing populations facing food 
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shortages; insufficient food supplies forced societies to experiment with alternative resources, such as 
plants. Later, Binford (1968) would propose that groups living during the end of the Pleistocene were 
settled in optimal zones where societies lived in equilibrium with their environment.  This changed 
with major climatic events at the beginning of the Holocene that forced groups to fission into 
marginal areas before their populations reached a maximum carrying capacity.  In these marginal 
zones, pressure was put on all available food resources, leading human groups to come to be reliant 
on domesticated plants, and ultimately agriculture.   
 Flannery (1973) would also use models incorporating concepts of marginal zones that were 
correlated with the first instances of plant domestication and agriculture.  He too credits climatic 
ameliorations during the early Holocene with populations moving into less than adequate 
environments with limited food resources.  In response to these changes in food availability, groups 
broadened their diet to include more plants that before had been considered “third choice foods”.  
This led to the encouragement of certain plants that were tolerant to changing climates and were 
easily storable, culminating in the transition to agriculture (Watson 1995).   
 Social stressors that may have pushed groups into the practice of agriculture include 
increased competition between two or more cultures.  One theory proposes that the domestication of 
plants was first initiated by groups located in resource rich environments, where competitive feasting 
and accumulation of exotic artifacts was practiced (Barker 2006).  Some archaeologists suggest that 
within these competitive environments, the population size of a group was used as sign of social 
status and prestige.  In this sense, societies that were the most populous were also considered the most 
powerful.   Agriculture, than, was used as a means to further fuel the desire for growing populations 
(Barker 2006).  
 Another classic example of theories that incorporate social factors into the adoption of 
agriculture is Hayden’s (1990, 1995) competitive feasting model.  As stated before, societies located 
in resource rich environments often practice competitive feasting.  Members within these cultures 
vied for social status by controlling the foods that were used in the feasts.  Labor-intensive foods, 
such as plant domesticates, were than used as signs of status by individuals within that society.  
Eventually the prestige associated with these delicacies resulted both in the domestication of plants 
and the adoption of agriculture.   
 Bender (1978) was perhaps one of the first archaeologists to suggest social factors were 
responsible for the transition to agriculture.  Bender (1978) first argues that hunting and gathering 
groups cannot be viewed as closed systems where their economies were self sustainable; instead 
hunters and gatherers interacted with their neighbors and were reliant on systems of trade that 
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provided important economic items.  Eventually positions of authority would be created within these 
trade networks, where specific individuals controlled both the labor that produced goods, as well as 
the items of manufacture themselves.  In societies where there was increasing pressure to produce 
more tradable items, groups began producing surpluses, resulting in the storage of items and an 
increased degree of sedentism.  Ultimately, exchange items such as plant foods would become such 
an important commodity that the production of crop foods resulted in the adoption of agriculture 
(Bender 1978).     
 The last and one of the most commonly cited stresses that resulted in the transition to 
agriculture are environmental changes that affected the subsistence practices of hunting and gathering 
groups living around 10,000 years ago.  V. Gordon Childe (1936) formulated one of the earliest 
environmental stress models, suggesting a climatic amelioration forced groups in the Near East to 
congregate around oases, resulting in the invention of agriculture.  One interesting pattern in world 
prehistory, mentioned above, is that many cultures appear to have independently adopted agriculture 
around a similar time period.  This has been linked to climatic changes during the early Holocene, 
where there appears to have been an overall increase in warmer and wetter climates that were more 
conducive for farming practices (Barker 2006; Bellwood 2005).  Many of the later theories of Binford 
(1968) and Flannery (1973) also incorporated climatic variables into their explanations for the 
adoption of agriculture.     
 The stresses discussed above, however, suggest humans would not have adopted agriculture 
unless they had been forced to do so.  It is also possible some groups came to practice agriculture 
through a gradual process of human and plant interactions that began with foraging, continued with 
the care of important wild plant species, which eventually led to plant domestication and wide scale 
planting or farming (Barker 2006).  This may have been the case for the Eastern US, a fertile region 
of North America that was the center for the domestication of numerous weedy plant species (Smith 
1992).  Here it appears agriculture was used a means to compliment hunting and gathering practices 
to alleviate against occasional stresses on food supplies (Harris 1989).  Archaeological evidence 
supports the hypothesis agriculture may have been adopted more gradually in this portion of the 
Eastern US, as compared to agriculture’s quick florescence in other regions of the world, such as the 
Fertile Crescent (Bellwood 2005).  One line of evidence to support this conclusion is the fact that 
settlement nucleation in the Eastern US never reached proportions that it did in other agricultural 
areas, in part because intensive agriculture was not practiced until maize became dominant within 
Mississippian cultures around AD 900 (Bellwood 2005; Smith 1992). 
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 Another important observation is that very few large bodied animals were domesticated in the 
New World, none of which can be found in North America (Bellwood 2005).  In contrast, Old World 
groups domesticated horses, cattle, and pigs, enabling them to practice a mix of intensive animal 
husbandry and cultivation.  Because New World groups could not rely on domesticated animals to 
provide important sources of meat, they found it necessary to continue to hunt wild animals.  As a 
result, many New World groups, including those in North America, relied on a more mixed diet that 
included some domesticated plants, but wild resources as well (Bellwood 2005).   
 Finally, more modern examples of theories on agriculture show how many present day 
archaeologists incorporate numerous causal factors to suggest prehistoric groups could practice any 
combination of hunting, gathering, herding, and cultivation.  In a study on Fremont cultures, Barlow 
(2006) suggests groups were not required to choose between farming and foraging practices.  Instead, 
farming was incorporated into a foraging economy where Fremont farmers made decisions 
throughout the year as to whether or not they were going to collect wild plant foods or cultivate crops.  
What activity they pursued was based on the yield that was expected from each pursuit (Barlow 
2006).   
 In this setting, farming practices would be expected to be low if there were numerous high-
yielding wild plant foods available.  In locations where the expected yields for the two practices were 
similar, there should be greater variation in foraging and farming groups, because there was no noted 
difference in the outcome of the two activities.  Only where foraging rates were low, however, should 
there be an expected increase in agriculture (Barlow 2006). 
 Other archaeologists, as well, have suggested agriculture resulted from a cluster of 
interrelated variables and not one overarching causal factor can explain why groups came to be reliant 
on domesticated crops.  In fact, it has been stated by some researchers that the traditional causes of 
growing populations and increased sedentism do not explain why cultures adopted agriculture.  
Instead, these mechanisms may be better explained by unknown factors that had an underlying role in 
the development of agriculture (Price and Gebauer 1995).   
 Not surprisingly, however, some researchers disagree with arguments made by behavioral 
ecologists, such as Barlow’s study above, stating that agriculture first appeared in resource rich zones, 
rather than in areas were foraging yields were low.  In these settings, groups had the ability to 
experiment with different plants, adding domesticated crops first as supplements to their already rich 
diets (Hayden 1990).  This can perhaps explain why the first domesticated plants were condiments, 
such as chilies and peanuts, which would have provided little sustenance (Price and Gebauer 1995).   
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Definition for Agriculture 
 The debate over agriculture is further complicated by the numerous definitions and the 
occasional confusion over what is meant by the terms domestication, cultivation, agriculture, and 
horticulture.  Domestication refers to the initial biological process that involved changes in the 
genotype and physical characteristics of plants and animals as they became dependent on humans for 
reproductive success (Price and Gebauer 1995; Winterhalder and Kennett 2006).  One important point 
to keep in mind is that thousands of years can pass after a plant has been domesticated and when 
human groups come to be reliant on this particular plant species.  As Smith (1992) illustrates for the 
Eastern United States, there are three general processes that occur during the transition from 
domestication to agriculture.  This includes the initial plant domestication, followed by the 
development of food production economies, and lastly a shift to intensive monocrop systems that are 
practiced by agriculturalists (Smith 1992).   
 The next important definition is cultivation, which refers to the cultural practices of farming, 
such as preparing fields, weeding, and harvesting crops.  Agriculture refers to the committed 
relationship to raising domesticated plants and animals (Price and Gebauer 1995).  What is implied by 
this definition of agriculture is that there is an increased input in the cultivation of plants at the 
expense of other food procurement activities.  As Winterhalder and Kennett (2006) state, agriculture 
appears when foraging recedes to an episodic activity and agriculture comes to dominate the 
schedules of adults in the community. 
 Based on this definition of agriculture, some archaeologists have found it necessary to make 
further distinctions between different types of agriculture because there can be such variability in the 
degree to which groups rely on farming practices.  Horticulture, for example, refers to the small scale 
planting of domesticated crops that is usually practiced by groups reliant on a mixed economy (Price 
and Gebauer 1995).  In contrast to horticulture is intensive agriculture, which has been defined in a 
multitude of ways.  What is important is that intensive agriculture implies a strong reliance on 
cultivated crops as the primary food source for a group (Winterhalder and Kennett 2006).   
 Based on this, some archaeologists have suggested the label of intensive agriculture should be 
applied only to groups whose diet consists of 75% crop foods (Winterhalder and Kennett 2006).  
Others argue that groups who rely on plants such as maize to contribute to 50% of their diet fall under 
the category of intensive agriculturalists (Smith 2001).  Still others have argued that determining the 
numerical proportions each food contributed to the diet is almost impossible to calculate.  Instead, a 
more simplified method is to refer to intensive agriculture as any economy that produces a surplus of 
agricultural foods (Gallagher and Arzigan 1994).    
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 For this study, the implication of the definition for agriculture that groups rely on crops at the 
expense of other food procurement practices will be used to develop a specific definition of intensive 
agriculture (Winterhalder and Kennett 2006).  In this case, intensification will refer to a heavy 
reliance on crop foods to the extent that a prehistoric group’s overall economy and related artifacts 
appear to be geared almost exclusively to this pursuit.  This implies cultures that are intensively 
practicing agriculture should be heavily reliant on this food base to the point that scheduling conflicts 
would not allow them to easily switch between a hunting and gathering lifestyle and an agricultural 
one if the need arose.  If the Oneota were intensive agriculturalists, their artifact assemblage should 
be dominated by agricultural implements such as rakes, hoes, and food processing equipment that 
suggests a reliance on maize and other crop foods.   
 
Oneota 
 Oneota is a term used to describe a prehistoric Midwestern culture that dates from AD 1100-
1700.  States that Oneota artifacts are predominately found in include Wisconsin, Minnesota, 
Michigan, Illinois, and Iowa and past these political boundaries into peripheral areas such as 
Missouri, Nebraska, and Indiana. The distribution of Oneota culture is roughly equivalent to the 
Prairie Peninsula geographic area that stretches from the Plains states to central Indiana (Alex; 2000; 
Berres 2001; Overstreet 1994; Staeck 1995; Warren 1982).    
 The term Oneota was first coined by Ellison Orr who found remnants of globular shaped 
pottery along the Upper Iowa River, what was then known as the Oneota River (Alex 2000).  This 
globular shaped, shell tempered pottery would become the defining characteristic of Oneota culture, 
with variations in the decorations, including chevrons, punctates, and trailed lines used to delineate 
between the different regions and temporal periods of Oneota groups.  Other common artifacts found 
at Oneota sites include fish lures, catlinite disc pipes (although catlinite is not often found in Central 
Des Moines River Valley sites), end scrapers, paired sandstone abraders, bison scapula hoes, and 
copper beads and ornaments (Alex 2000).   
 
Moingona Phase 
 In Iowa, Oneota artifacts are generally found in four distinct areas; in the Northeast along the 
Upper Iowa River, along the Central Des Moines River Valley, along the Little and Big Sioux Rivers 
in Northwest Iowa, and along the Mississippi River in Southeast Iowa (Alex 2000).  Overall, Oneota 
occupation in Iowa spans from AD 1250-1700, with the Moingona Phase of Central Iowa considered 
the earliest Oneota occupation in the state, dating from around AD 1250.  Survey work done in 
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correlation with the construction of Saylorville and Red Rock reservoirs by the Army Corps of 
Engineers in the 1960’s and 1970’s has provided a great deal of information on the Moingona Oneota 
occupation (Gradwohl 1974).    
 The recovery of a distinct type of Oneota pottery from sites that were excavated prior to the 
construction of the Red Rock Reservoir led David M. Gradwohl (1967) to create a separate phase for 
Oneota sites in the Central Des Moines River Valley, what he termed the Moingona Oneota Phase.  
Moingona ceramics are identified based on characteristics including a globular shape, shell tempering 
with possible hematite inclusions, tool impressed decorated lips, and decorations on vessel shoulders, 
such as trailed lines, fringed punctates, nested chevrons, and concentric circles (Gradwohl 1973).  In 
total, 55 Moingona Phase sites have been identified in this region of Iowa, based on ceramic artifacts 
that have been used as cultural and temporal markers (Fishel 2001). 
 Oneota village sites that have been extensively excavated by Gradwohl and others include 
Howard Goodhue, Clarkson, Cribb’s Crib, Mohler Farm, and Wildcat Creek.  Artifacts commonly 
recovered from Moingona Phase sites include small triangular projectile points, end scrapers, celts, 
arrow shaft abraders, stone and clay pipes, copper and bone beads, and numerous bone and shell tools 
such as bison scapula hoes, awls, fishhooks, and shells with serrated edges.  At the larger village sites, 
common features that have been uncovered include large basin and bell shaped storage pits, post 
holes and daub indicating small wigwam type structures, hearths, and shallow basin pits  (DeVore 
1984; Gradwohl 1973; Moffat et al. 1990; Osborn 1976).    
 It is also important to note radiocarbon dates obtained for many of the Moingona Phase sites 
have produced questionable results, which in large part may be attributed to coal contamination or 
poor laboratory procedures (Moffat 1998).  Despite these problems, more recent dating has led many 
researchers to believe the Moingona Phase occupation lasted only 40-70 years in Central Iowa, with 
groups possibly migrating to areas in Southeast Iowa (Moffat 1998; Tiffany 1998).  Radiocarbon 
dates obtained for sites in this study are as follows: Howard Goodhue (1280 AD), Mohler Farm (1280 
AD), Clarkson (1290 AD), and Cribb’s Crib (1280 AD) (Osborn 1982).  
 
Oneota Reliance on Agriculture  
 Discussion on the agriculture of Moingona Phase Oneota leads to an explanation of the 
various theories that have been proposed to explain when and why the Oneota became reliant on 
agriculture.  Perhaps one of the earliest and most traditional models suggests Oneota agricultural 
practices gradually increased through time (Overstreet 1994).  In the past, Oneota culture had been 
divided into four distinct horizons; the Emergent Phase, the Developmental Horizon, the Classic 
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Horizon, and the Historic Horizon.  The Classic Horizon represents the apex of Oneota culture and is 
thought to be the time period in which the Oneota were intensively relying on maize agriculture.  This 
viewpoint sees the adoption of agriculture as a gradual transition that grew of out earlier horticultural 
practices (Overstreet 1994). 
  Another important development that may have impacted maize agriculture in the Upper 
Midwest at this time was the introduction of new maize varieties into the region.  Previously, groups 
had been reliant on 10 and 12 row varieties of maize, which weren’t well suited to the short growing 
seasons of more northern states, such as Iowa, Wisconsin, and Minnesota (Gallagher 1994).  With the 
introduction of flint varieties known as Eastern Eight Row, maize agriculture was made more possible 
in these marginal environments because mutations in this specific maize type favored shorter growing 
seasons.  Specific characteristics that were favorable for an increase in farming in Oneota regions 
includes Eastern Eight Row’s resistance to insect damage, loose husks that allowed for quicker 
drying, and earlier maturation that reduced the risk of frost damage (Gallagher 1994). 
 In direct opposition to an increase in agricultural practices is the theory that through time, the 
Oneota became less reliant on agriculture.  This is tied to climatic variables that affected the growing 
season of maize (Harvey 1979).  In short, Oneota culture was thought to have developed during the 
favorable climate of the Neo-Atlantic, which dates from AD 900-1200.  At this time, temperatures 
were warm and precipitation was high, providing an ideal climate for maize agriculture. AD 1200, 
however, marks the onset of the Pacific Climatic Period, which was characterized by colder 
temperatures and less precipitation (Baerreis and Bryson 1965).  This climate is thought to have 
limited the number of frost free days, making maize agriculture a risky economic pursuit.   
 The climatic changes of the Neo-Atlantic are also related to the expansion of the Prairie 
Peninsula geographic area.  Today, this region is characterized by tall grass prairie and deciduous 
vegetation that is found in the US, between states of the Great Plains and central Indiana (King 1980; 
Transeau 1935; Warren 1982).  In AD 1200, this area was greatly expanded, especially to the east, 
which was correlated with a more eastern distribution of bison herds as well.  By AD 1400, in fact, 
there is evidence to suggest a small number of bison had made their way to the eastern banks of the 
Mississippi River (Sasso 1993).  Overall, for the Oneota, these changes meant a reduction in suitable 
maize growing environments and an increase in the number of bison, which is thought to have 
resulted largely in the abandonment of agriculture to focus on bison hunting (Harvey 1979; King 
1993).   
 Related to explaining why the Oneota adopted agriculture is the discussion of how ideas of 
farming spread from primary centers of domestication to the Central Des Moines River Valley.  
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Generally, archaeologists identify two mechanisms in explaining how this happens, agriculture 
represents migrations of farmers into hunters and gatherers’ territories, or agriculture represents an in 
situ development (Barker 2005).  One long running debate in Oneota archaeology in the past has been 
whether or not this culture represents migrations of Mississippians (and their agriculture) into the 
peripheral areas of Iowa, Wisconsin, and Minnesota, or if it represents an in situ development from 
earlier Woodland groups (and their horticulture) (Benn 1995).   
 Determining whether agriculture represents an in situ development, or was the outcome of 
migrations of farmers has been a long standing debate in other areas of the US as well.  For many 
years, archaeologists believed agriculture of the Southwest was brought in, along with domesticates 
such as maize and beans, by populations from Mexico (Bellwood 2005).  More recent evidence has 
been used to dispel this theory, such as early water management systems found in the Southwest that 
are more complex than ones in Mexico (Doolittle and Marby 2006).  Today, many archaeologists note 
that agriculture often spreads through diffusion rather than by migrations.  One common problem in 
the past had been that archaeologists viewed agriculture as an event, rather than a long term transition 
that may have gone unnoticed by many people (Price and Gebauer 1995).   
 Based on this, more current theories on the Oneota provide a synthesis between migration 
explanations and in situ developments.  Theler and Bozhardt (2006), for example, argue population 
packing during Late Woodland times resulted in the abandonment of portions of the Midwest.  
Middle Mississippian groups later migrated into these areas, resulting in a mixture of Late Woodland 
and Mississippian societies that culminated in a type of hybrid Oneota culture.   
 
Ground Stone and Agricultural Intensification  
 As stated before, one possible proxy indicator of a group’s reliance on agriculture is ground 
stone tools associated with the processing of plant foods; otherwise known as manos and metates.  A 
small number of these manos and metates have been uncovered from Oneota and Woodland sites in 
Central Iowa.  It should be noted that grinding slab rather than metate is the term most commonly 
used by researchers when describing Oneota netherstones.  Grinding slab is considered the most 
appropriate description because these tools often do not possess the deep depressions that are a 
distinguishing characteristic of metates (Henning and Schermer 2004). The intent of this study is to 
analyze these specific ground stone tool types to determine the relative degree to which groups in the 
Central Des Moines River Valley were intensive agriculturalists during Oneota times.   
 Previous research on the relationship between ground stone and the intensification of 
agriculture has demonstrated there is a correlation between artifact size and morphology, relative to a 
  
16 
group’s degree of dependence on agriculture.  Large trough metates and two handed manos are 
considered specialized tools used to process large amounts of crop foods such as maize.  Typically, 
smaller basin and flat metates, with one handed manos, are thought to be more general tools used to 
process a number of different materials, including wild plants (Adams 1999; Diehl 1996; Morris 
1990; Nelson and Lippmeier 1993).  Maudlin (1993) examined ground stone tools from New Mexico 
and found that the number of used surfaces and grinding areas on manos increased and metate types 
shifted to trough styles when groups became more reliant on agriculture.  
 This shift is attributed to efficiency and scheduling conflicts as foods that required more 
processing were introduced into the diet.  Diehl (1996) argues when groups began to produce more 
maize there was an increase in the amount of food processing tasks, resulting in scheduling conflicts 
with other activities.  Ground stone tools were altered to become more efficient at grinding, which led 
to a decrease in processing time and a decrease in scheduling conflicts.  
 The ability to reduce the amount of time it took to process plant foods is exceptionally 
important.  This is because in traditional economies, seed processing is considered one of the most 
arduous and time consuming tasks.  In Australian Aboriginal societies, for example, six hours of 
grinding by one woman produced enough meal to feed only one person.  It took an additional 4-9 
hours (10-15 hours total) to grind the amount of seeds necessary to feed a family of five.  Often times, 
this grinding was done on expediently designed, slab-like sedimentary stones (Cane 1989).   
 Experimental research, however, has shown that large trough metates are more efficient at 
grinding maize when compared to the efficiency of smaller basin and flat metates (Wright 1993). 
Adams (1993) conducted experimental research by grinding various seeds on one large trough metate, 
one basin metate, and one flat/concave metate.  After grinding for two hours, in one hour increments, 
the trough metate produced 2 cups of flour, while the basin and flat metate produced approximately 1 
cup of flour each.   
 Ethnographic research also provides interesting examples of the ways in which food grinding 
equipment similar to expediently designed basin and slab metates are used, as opposed to formal 
maize processing trough metates.  Canadian Plains groups used unmodified grinding slabs and manos 
to grind or pound meat and dried berries (Zarrillo and Kooyman 2006).  For example, wild plants 
such as the prairie turnip were finely ground to be used as a soup thickening agent.  Ethnographic 
evidence from Hidatsa groups show a common practice was to harvest sunflower seeds during the fall 
that were parched and pounded in corn mortars (Wilson 1987).  This ground meal was than mixed 
with dried beans, squash, and corn and to be used as a winter meal.   
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 The relationship between this grinding efficiency and the related economies of a particular 
society is based on design theory models.  Design theory is defined as, “the creation or adaptation of 
the forms of physical objects to meet the functional need within the context of known materials, 
technology, and social and economic conditions” (Horsfall 1987: 333). Ground stone design theories 
suggest more time was invested in the production of ground stone tools that were expected to be the 
most durable, the most efficient, and were economically important to a group.  For example, large 
trough metates and two handed manos made out of vesicular basalt produce the greatest amount of 
processed maize, but also require the greatest amount of time and energy in locating suitable raw 
material that can than be shaped into the desired form.  If groups didn’t require large amounts of 
processed foods, less time and energy would be spent in the procurement and manufacture of ground 
stone tools that were of more expedient design (Wright 1994). 
 Various ethnographic examples confirm that when groups relied on tools for extended 
periods, much effort was put into their initial modification and shaping.  For traditional groups in 
Mexico, for example, a half day to a full day was spent in trying to locate suitable raw materials that 
were homogenous in nature and had few inclusions or flaws for metates (Hayden 1987).  Manufacture 
of these tools could include a 3 km walk to the source location, scouting for suitable materials, 
quarrying and a rough blocking out of the stone, progressive thinning, and than the final thinning and 
smoothing.  Generally it took 14 hours to manufacture a metate after suitable material was found, and 
less time to create a mano (Hayden 1987). 
 Because of this, ground stone morphology is important in understanding the efficiency of the 
grinding slab/mano toolset.  Other important attributes include durability of the raw material and 
texture, if the tool possessed comfort features such as finger grooves, and if there is evidence for wear 
management (Adams 2002).  Wear management refers to techniques used to prolong the use-life of a 
tool, including pecking the surface of grinding slabs to maintain efficiency and rotating manos so that 
wear is distributed evenly on the surface of the tool (Adams 2002).   
 By Oneota times, some hypotheses suggest groups became more reliant on agriculture, when 
compared to their Late Woodland predecessors (Gallagher 1989).  If this is the case, Oneota manos 
and grinding slabs should be larger and more strategic in design than tools used by initial 
agriculturalists of Late Woodland times.  And if the Oneota were intensive agriculturalists, their food 
processing tools should resemble similar tools used by large scale agriculturalists, such as groups 
found in the American Southwest.   
 For example, Oneota manos would be expected to be large, requiring the use of two hands.  
Their grinding slabs should also be big enough to grind large quantities of agricultural foods.  The 
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tools should be highly formalized, with evidence individuals were taking more time in manufacturing 
the tools because the manos and grinding slabs were expected to last; this includes artifacts with 
obvious rectangular or rounded shapes.  A long period of use should also be reflected with heavy 
amounts of wear on the tools and evidence for tool maintenance, such as rotating manos to maintain 
their flat grindings surfaces and surface rejuvenation, or pecking the surfaces to sustain an adequate 
rough grinding texture.   
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CHAPTER 3  
ENVIRONMENTAL SETTING 
 
 In some respects, the food Oneota groups utilized may partly be a reflection of the 
environments in which they lived and the natural resources that would have been available to them.  
Researchers often note, for example, that Oneota sites many times are located at the convergence of 
floodplain, prairie, and forest (Alex 2000).  This chapter will discuss the environmental setting of the 
Central Des Moines River Valley, including the major geographic regions, the local habitats, and the 
native plants and animals that are found in the area.   
 As stated above, the sites included in this study are situated in very diverse environments.  
The two Middle Woodland sites and one Late Woodland site located near Saylorville Reservoir are 
positioned on the Des Moines Lobe geologic surface, while Oneota sites found near Red Rock 
Reservoir are situated within the Southern Iowa Drift Plain. The Des Moines Lobe dates back to 
14,000 BP, during the time of the greatest advance of Wisconsin Ice Age glaciers.  As the youngest 
geologic surface in Iowa, little modification has changed the shape of this landscape (Prior 1976).  
Geologic features that can still be seen include knobby terrains, ponds, and marshes, as well as large 
boulders and cobbles deposited during glacial retreat.  The river systems in this area, as well, have 
had little time to maturate and include small, sediment loaded streams and shallow river valleys (Prior 
1976).   
 In direct contrast to this, the Southern Iowa Drift Plain dates back over 500,000 years ago to 
the time of the Kansan glaciation episode.  This surface represents a mature landscape, with almost no 
evidence of past glacial activity.  Characteristics include a landscape dominated by steeply rolling 
hills and deep river valleys, with many rivers having been eroded down to bedrock (Prior 1976). 
 The geographic region of Central Iowa is located entirely in what is known as the Prairie 
Peninsula.  Oneota culture, in fact, is largely distributed within this geographic zone and is thought by 
some archaeologists to have been an important variable in the determination of the Oneota economy 
that was reliant on bison hunting and floodplain farming (Berres 2001).  The Prairie Peninsula refers 
to a transitional vegetation zone consisting of tall grass prairie and deciduous forest that lies between 
the western prairies and eastern deciduous forests of the continental United States (Transeau 1935).  
This includes states stretching from the Great Plains to central Indiana.  Tall grass prairie plants 
commonly include big blue stem grass, switch grass, cord grass, little blue stem grass, wild rye, and 
Indian grass (Watts 1957).   
 The Prairie Peninsula is thought to have originated during the Holocene, when changing 
climatic conditions resulted in the unique combination of four distinct air masses: the cool dry Pacific 
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westerlies from the Rockies, cool dry Canadian currents, hot and moist Gulf streams, and the warm 
dry Pacific air mass.  The shifting of these four air masses throughout the year resulted in cold moist 
winters, with a sharp decrease in precipitation in the late summer months that resulted in frequent and 
severe droughts (Warren 1982). 
 The vegetation within this region of Iowa includes extensive tracks of prairie, with forested 
areas occurring along major rivers and streams.  Generally, habitat types include various types of 
wetlands (palustrine, lacustrine, and riparian), prairies (mesic, xeric, and hydric), and woodlands (dry 
woods, moist woods, oak savannas, bottomland, and riparian) (Thompson 1992).  Prairies consist of 
numerous grasses and forbs, including switchgrasses, reedgrasses, and asters and provide habitat for 
animals such as bison, elk, prairie chicken, fox, jackrabbit, and various bird species.  Wetland plants 
and animals include cattails, bulrushes, reeds, and various species of ducks, geese, crane, beavers, and 
otters.  Species types are more variable for woodland areas, with dry woods dominated by oak and 
hickory and moist woods consisting mostly of oaks and basswoods (Thompson 1992).  Woodlands 
also provide excellent habitat for chokecherry, elderberry, and grapes, as well as various birds, small 
mammals, and larger mammals, such as fox and white tail deer (Thompson 1992).   
 In prehistoric times as well, such as during the Woodland and Oneota periods, the landscape 
of Iowa was dominated by prairie vegetation (Cooper 1982).  Within the Central Des Moines River 
Valley, prairie and prairie wetland habitats were the most prominent, with forested areas found along 
major rivers and streams.  Modern estimates of native vegetation suggest only about 10% of these 
native vegetation types remain in Iowa.  This is attributed to the conversion of much of Iowa’s natural 
habitats for both agricultural and urban uses, such as the drainage of wetland areas for use as 
agricultural fields (Cooper 1982; Thompson 1992). 
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CHAPTER 4 
 METHODS AND DATA 
   
 The methods and data chapter begins with a list of sites included within the study sample, 
including those from Middle Woodland, Late Woodland, and Oneota times.  The general location of 
the sites within the Central Des Moines River Valley is also given, along with descriptions of the 
major excavated sites (Mohler Farm, Howard Goodhue, Cribb’s Crib, Clarkson, and Saylorvillage).  
Lastly, the 14 attributes that were recorded for the ground stone artifacts are briefly discussed, 
including a table outlining the attribute states that are associated with intensive and non-intensive 
agriculture.   
  
Sites in the Study  
  The ground stone analysis in this study will include artifacts from two Middle Woodland 
sites, the Late Woodland Site of Saylorvillage, and 11 Oneota sites.  Geographically, the sites are 
located along the Des Moines River within four counties of Central Iowa (Figure 2).  The two Middle 
Woodland sites (13BN12 and 13BN181) are located on the uplands overlooking the river within the 
central and southern portions of Boone County.  The Saylorvillage site was located in Polk County; at 
the time of excavations the site was in close proximity to the soon to be constructed Saylorville 
Reservoir (Osborn et al. 1978, 1989)  
 The 11 Oneota sites are located farther downstream, in two distinct localities.  The first 
Oneota locality occurs along the Des Moines River, near the small town of Carlisle, Iowa in Warren 
and Polk Counties.  The second Oneota locality contains a cluster of Oneota sites that are found either 
along the shore or are currently submerged beneath the waters of Red Rock Reservoir.  Interestingly, 
other researchers have taken note of this clustering of Oneota sites, suggesting the site locations may 
represent habitation of the area by two distinct groups (Moffat 1989). 
 A total of 14 assemblages will be studied, all of which are contained in the collections of the 
Iowa State University Archaeological Laboratory.  The Oneota sites included were located during 
survey work for the Red Rock Reservoir and all of the Woodland Sites were found during the survey 
work associated with the construction of Saylorville Resevoir. To date five of these sites, (Howard 
Goodhue, Mohler Farm, Cribb’s Crib, the Clarkson site, and the Saylorvillage site) have been 
excavated.  One Middle Woodland site (13BN12) underwent very limited excavations in the summer 
of 1967.  All other sites are surface or shovel tested collections (Fishel 2001; Gradwohl 1973, 1974; 
Gradwohl and Osborn 1973, 1976; Moffat 1998).   
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 The Howard Goodhue site represents the most extensively excavated Oneota site conducted 
by ISUAL in conjunction with the construction of the two reservoirs.  The site was excavated in the 
summers of 1965 and 1966; in total, 42 10 ft x 10 ft excavation units were opened, uncovering over 
71 prehistoric features.  Features that were uncovered at the site include numerous basin and bell 
shaped storage pits, as well as an arc of post holes that encircled a small number of primary and 
secondary human burials.  At the time it was hypothesized that the post holes represented a mortuary 
enclosure (Gradwohl 1976).   
 The Cribb’s Crib site was excavated in the summer of 1968, with a total of 33 10 foot by 10 
foot excavation units.  Over 168 features were located at this site, including a number of prehistoric 
hearths, storage pits, and refuse pits (DeVore 1984, 1990b).  The Clarkson site is located in close 
vicinity to the Cribb’s Crib site and was excavated in the summer of 1966.  More limited excavations 
were conducted here, with ten 10 ft x 10 ft units that uncovered a total of 14 refuse filled storage pits.  
Interestingly, as well, the hand of a small child was found in one of the storage pits, indicating 
possible warfare with neighboring groups (Osborn 1976, 1982).  
 The Mohler Farm site was excavated in the summer of 1964.  It should be noted that no site 
report was ever generated for the excavations, so the exact number of excavation units at the site is 
unknown.  Based on field notes, approximately 32 10 ft x 10 ft units were opened, which uncovered 
numerous features, including storage pits, basins, post holes, and a possible sweat lodge (Scott 2006).  
Lastly, the Saylorvillage site was excavated in the summers of 1974 and 1975 and was destroyed at 
the end of the second field season to make way for the construction of a haul road associated with the 
Saylorville Reservoir (Osborn et al. 1978, 1989).   
 Twenty six 10 ft x 10 ft units were opened at Saylorvillage, which uncovered seven features, 
including various concentrations of artifacts, ash, charcoal, and daub.  A possible rock cache was 
found at the site as well (Osborn et al. 1989).  Interestingly, as well, the Saylorvillage site represents 
one of the few Late Woodland sites that have been found in the Central Des Moines River Valley, and 
the only one of which that has been extensively excavated.   Some researchers suggest the paucity of 
Late Woodland sites in this region may be due to the fact that many are currently located beneath the 
waters of the two reservoirs (Benn and Green 2000).  The table below summarizes the total areas 
excavated at the sites (Table 1).   
 For the nine surface sites, all artifacts were recovered from surface contexts, including areas 
located within crop fields, pastures, or wooded areas along the Des Moines River Valley.  For the 
excavated sites, ground stone artifacts were commonly found within three recovery contexts, 
including excavation units, pit features, or on the surface.  A brief examination of the provenience of 
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manos and grinding slabs from these excavated sites shows no clear patterning in the provenience of 
the artifacts, with many evenly divided between the three contexts.  One noted exception is a handful 
of ground stone artifacts uncovered from the Saylorvillage site, which were located in a possible rock 
cache (Osborn 1989).   
 
 Table 1: Total excavated areas for Oneota sites 
 
  
 
 
  
 
 
   
Biases in the Sample 
 Discussion of the excavations and recovery context of the artifacts included within this study 
also leads to possible biases within the samples that may affect the results of this research.  One 
potential problem is that many of the sites included within this study are surface collections only.   
Their cultural affiliations are usually based on a few diagnostic ceramic sherds or projectile points 
which may actually represent multiple occupations by different cultures at one location.  The 
association between the manos and grinding slabs recovered, then, may have only a tenuous 
relationship with the cultures that supposedly occupied these sites.   
 Another bias in the sample of ground stone is that the artifacts recovered may not adequately 
represent the variability in the grinding tools utilized by prehistoric groups.  For example, many of 
these artifacts were located on the surface in crop fields and pastures, where they were simply 
cumbersome obstacles to farmers working in the area.  In the past, it was not uncommon for artifact 
hunters and farmers alike to remove these tools from a site.  Because of this, many more ground stone 
artifacts from the sites may exist, but have long since been removed from their primary locations.  For 
example, at the Howard Goodhue site, the landowner described large grinding slabs that once littered 
his fields, many of which had been removed prior to excavations at the site (Jeremy Hall, personal 
communication). 
 Potential problems also arise from the fact that not all portions of the ground stone 
assemblages exist for the sites in the sample.  In the past, it was commonly believed that fire cracked 
Site Excavated Area 
Howard Goodhue 451.85 m2 
Cribb's Crib 408.81 m2 
Mohler Farm 374.26 m2 
Saylorvillage 283.13 m2 
Clarkson 64.55 m2 
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rock provided little information as to the behavior and activities carried out by prehistoric groups 
(Lovick 1983).  Because of this, these portions of the ground stone assemblages were often thrown 
out to make room for more important artifacts recovered from sites.  This is the case for most of the 
assemblages included within this study.  Now researchers realize fire cracked rocks were important 
artifacts that were used secondarily as expedient tools or started out as formal tools, such as manos, 
that were later reused for heating purposes.  It is possible that many of the manos and grinding slabs 
at Oneota sites in the Central Des Moines River Valley were later recycled as fire cracked rock and 
were discarded by archaeologists to make room for other collections.  Overall, these biases may result 
in a very limited view of processing tools that were actually utilized by prehistoric groups in this area.   
 
Methods 
 To examine the problem of Oneota reliance on agriculture, a number of attributes were 
recorded on each specimen.  In total, 14 attributes will be recorded for the ground stone artifacts 
recovered from the 14 Central Des Moines River Valley sites.  In addition to attributes that provide 
basic documentation of the artifacts, including their site number, catalog number, condition, and 
metric measurements, nine attributes will be recorded to better understand the design of the tools.  
These are listed in Table 2, with an explanation of the information they provide.  
 
                                         
Figure 2:  Illustration showing location of recorded metric measurements for artifacts 
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   Figure 3:  Location of sites in the five county study area 
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Attribute Explanation Expedient       Design 
Strategic 
Design 
Shape  
The assumption made is that the more formal the shape, 
the more time was invested in the manufacture of the 
tool.  Greater investment in tool manufacture in manos 
and metates should be expected for groups heavily reliant 
on agriculture.   
Irregular 
Pebble/Cobble           
Ovoid 
Rectangular             
Round  
Material 
Vesicular Basalt is the most preferred raw material for 
maize processing, while sandstone can be the least 
prefered because of the amount of grit it can introduce 
into the ground meal.  The more important agriculture is 
to a group, there is the expectation that they would seek 
out higher quality raw materials.   
Raw material 
that requires 
frequent 
rejuvenation of 
the surface.  For 
sandstone, 
materials that are 
poorly cemented 
Material that is 
somewhat 
slightly porous 
and requires 
little 
maintenance 
(surface 
rejuvenation) 
Surface 
Number 
This is associated with the intensity of tool use.  
Agriculturalists would be expected to use their manos 
and grinding slabs intensively in comparison to other 
groups.  Eventually intensive use would result in multiple 
surfaces of the tool having been utilized.  
1 2 
Wear 
This attribute is also associated with intensive use.  
Agriculturalists' manos and grinding slabs should be 
expected to have heavier amounts of wear, because they 
were used up to 3-5 hours a day. 
Low                            
Medium High 
Surface 
Coverage 
This refers to the extent of the wear found on a tool.  
Agriculturalists' tools used for extended periods of time 
would be expected to have wear that covered the entire 
surface of the tool.   
Incomplete                    
Smooth Spots                   
Highs 
Highs and 
Lows                  
Complete 
Surface 
Texture 
This makes note of any evidence on the tool to indicate 
maintenance.  Processing tools (manos and grinding 
slabs) were often pecked (roughening the surface with a 
small stone) to rejuvenate the grinding surface.  Grinding 
surfaces worked best with a somewhat coarse texture.  
Maintenance would indicate tools were expected to be 
used for long durations of time.  A mixed texture, on the 
other hand, indicates possible multiple use.    
Mixed                         
Smooth Resharp/Worn 
Residue 
This includes any macroscopically visible substances, 
including pigments and carbon.  The presence of such 
material may indicate multiple uses for the artifact.  This 
would indicate tools were not used intensively for maize 
grinding purposes only.   
Present Not Present 
Design 
This is the inferred design of the tools based on their 
overall morphology described using the first 7 attributes.  
Generally, more formal tools should have a more 
uniform shape and have features that either made them 
more stable or more comfortable for long term use.   
Expedient Strategic 
Use 
The inferred use of the tool based on attributes, such as 
texture and residues.  Multiple signs of wear may 
indicate multi-purpose use of the tool i.e. non-intensive 
maize processing.  
Multiple  Single 
Table 2: Description of attribute states recorded for ground stone artifacts 
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CHAPTER 5 
 RESULTS 
 
 Results from the ground stone analysis indicate a majority of the artifacts were typed as 
expedient.  Discussion in this chapter will begin with describing how initial descriptive attributes 
(such as shape, number of surfaces, and wear) were used to type artifacts as being either expedient of 
strategic in design.  The general characteristics of expedient and strategic manos and grinding slabs 
will next be described, along with illustrations provided as examples of tools from the various Oneota 
sites.  Artifacts from the Middle Woodland sites, the one Late Woodland site, and sites from other 
Oneota regions will lastly be discussed, including similarities and differences noted when comparing 
the tools with the Moingona Oneota assemblages.   
 
Results of the Analysis 
 In total, 213 ground stone artifacts were analyzed from the 14 sites included in this study.  In 
general, the artifacts could be typed as manos or grinding slabs.  Some artifacts were fragmentary in 
nature, despite the fact it was obvious from wear patterns and morphology that they were used in the 
processing of plant items.  These artifacts were typed as indeterminate and were included within the 
general analysis of the ground stone assemblages, but were not included in the comparison and 
discussion between artifact size and design as it relates to dependence on agriculture.  Table 3 
summarizes the number of manos, grinding slabs, and indeterminate artifacts recovered from each site 
for both excavated and surface contexts.   
 To address the question of Oneota reliance on agriculture, initial discussion will refer only to 
artifacts recovered from Oneota sites.  Overall, analysis of the ground stone assemblages reveals that 
most Oneota manos and grinding slabs were expedient in design.  Seventy six percent of the artifacts 
were typed as expedient, while 23% of the artifacts were defined as strategic tools.  When divided 
into the two separate artifact categories, 76% of the grinding slabs and 78% of the manos were typed 
as expedient. 
 The ability to type artifacts as either expedient or strategic in design was based on the 
recording of seven initial attributes such as shape, amount of modification, and texture.  Generally 
tools were typed as expedient if they had surface characteristics that indicated little modification, as 
well as use for multiple activities that were derived from attributes such as texture and residue.  
Strategic tools, on the other hand, had morphological characteristics that implied they were initially 
pecked and ground into uniform shapes and had wear and texture patterns that indicated singular use 
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for maize grinding.  Relative percentages of the different attribute types will be presented to show 
how the design, as well as the use categories, was derived from these results.   
 
 
Shape 
 A large percentage of the artifacts included within the Oneota ground stone assemblages were 
typed as broken because they were fragmentary in nature.  Shape attribute states that were more 
useful in determining the design of the artifacts included uniform shapes, such as round and 
Table 3:  Number of ground stone artifacts recovered from excavated and surface contexts  
Site 
Number Site Name Affiliation   Excavated     Surface   
   Manos GS Ind Manos GS Ind 
13BN12  Middle Woodland 8 2 3 5 0 3 
13BN181  Middle Woodland 0 0 0 4 0 2 
13PK165 Saylorvillage Late Woodland 12 4 16 3 0 0 
13PK01 Howard Goodhue Oneota  22 11 17 5 3 2 
13PK10 
(532) 
Beattie 
Bottom Oneota  0 0 0 2 0 0 
13WA02 Clarkson Oneota  2 0 3 2 2 0 
13WA105 Cribb's Crib Oneota  4 8 4 6 2 1 
13WA106 James Dutcher Oneota  0 0 0 2 2 4 
13WA102 Bartholomew Oneota  0 0 0 0 1 0 
13WA107  Oneota  0 0 0 1 0 0 
13MA21  Oneota  0 0 0 13 6 4 
13MA24  Oneota  0 0 0 0 1 0 
13MA30 Mohler Farm Oneota  5 1 6 8 0 0 
13MA36   Oneota  0 0 0 1 0 0 
 
  Total 53 26 49 52 17 16 
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rectangular, and more expedient shapes, such as irregular and pebble/cobble.  Overall, it appears that 
17% of the tools could be typed as having more uniform shapes (round and rectangular), while 17% 
of the remaining artifacts could be typed as having unmodified and natural rock forms, such as 
irregular (4%), pebble/cobble (8%), and ovoid (5%).  The slab attribute state refers to the common 
grinding slab morphology that includes 12% of the Oneota ground stone assemblage.  This category 
represents a more intermediate design type due to the fact that some slabs appeared to have been 
modified in some way and had a more strategic design, while others appear to have been natural 
cobbles and were of a more expedient design.   
 
 
  
 
 
 
 
 
Surface Number 
 Surface number was an important attribute type that helped to determine the intensity of 
artifact use.  The table below shows that an overwhelming majority of the tools were used on only 
one surface and a far smaller proportion of the artifacts were utilized on two sides (25%).  As will be 
discussed later, this attribute was important in determining the design of the artifacts because far 
greater tools typed as strategic appear to have been used on more than one surface.   
 
  
 
 
 
 
Wear Level 
 Another important attribute in determining the intensity and duration of use is wear level.  
When examining the table below, it appears half of the ground stone artifacts were utilized for a long 
enough duration to exhibit high amounts of wear.  Yet, the other half of the artifacts seem to have 
Table 4:  Frequency and percent for selected shape attribute states 
Shape n Percent 
Broken 82 54 
Irregular 6 4 
Pebble/Cobble 12 8 
Ovoid 7 5 
Slab 18 12 
Round 25 16 
Rectangular 1 1 
Total 151 100 
Table 5: Frequency and percent of number of utilized surfaces 
Surface Number n Percent 
One 113 75 
Two 38 25 
Total 151 100 
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been used only moderately and exhibit either medium (43%) or low (7%) amounts of wear.  Artifacts 
with only a moderate level of wear are an implication these tools may have been used in a more 
expedient fashion.  
 
 
 
 
 
 
 
Surface Coverage 
 Surface coverage is useful in understanding the location of wear on the artifact surface.  For 
example, an artifact may have a high level of wear which is concentrated only as a smooth spot on the 
outer surface, indicating only moderate to low use.  Another point that should be made as well, which 
will assist in the better understanding of the different attribute states for surface coverage, is that the 
complete and incomplete categories refer to grinding slabs, while highs, highs/lows, and smooth spots 
are used to describe the distribution of wear on manos.  This distinction between the two artifact types 
was made because each undergoes slightly different progressions of wear coverage.   
 Overall, it was found that many artifacts have complete coverage (complete 35% and 
highs/lows 21%).  A similar amount seem to have been used for a moderate duration of time with 
high points on the artifact surface having been modified (26%), while far fewer had minimal coverage 
(incomplete 3% and smooth spots 4%).   This implies that many of the Oneota ground stone artifacts 
were used for a long enough duration that a large percentage of surfaces on the artifacts were 
modified through use.   
 
    
 
 
 
 
 
 
Table 6:  Frequency and percent for wear level attribute states 
Wear Level n Percent 
High 75 50 
Medium 65 43 
Low 11 7 
Total 151 100 
   
Table 7:  Frequency and percent for surface coverage attribute states 
Surface Coverage n Percent 
Complete 53 35 
High 40 26 
Highs/Low 31 21 
Indeterminate 17 11 
Incomplete 4 3 
Smooth Spots 6 4 
Total 151 100 
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Texture 
 Texture was used to indicate the amount of maintenance artifacts within the assemblages had 
undergone.  Ground stone tools used for processing plant foods were often times resharpened in order 
to maintain adequate grinding surfaces.  Analysis of the surface textures of the Oneota artifacts, 
however, shows that many of the tools had smooth surfaces that do not show any signs of 
resharpening (66%).  Only 23% of the artifacts, largely manos, have evidence for such behaviors.  
Eleven percent of the artifacts also exhibit multiple surface textures that indicate use as multiple tool 
types, including gouges and impact fractures.  These various observations proved useful in 
determining which tools were of expedient design, with evidence for multipurpose use, and which 
were strategically designed and perhaps had been maintained in some way to further their use life.   
 
 
 
 
 
 
 
Residue 
 The appearance of residues was used as another indicator that tools perhaps had been used for 
multiple purposes.  This includes pigments, suggesting grinding stones were used to process pigments 
and carbon, which was used as evidence that the tools may have been reused as fire-cracked rock.  
The table below shows that many of the artifacts exhibited no signs of secondary use (59%).  Many 
tools, however, did show signs of pigment residues (34%), while far fewer had traces of carbon on 
their surfaces (7%).  This may be used as evidence to suggest that at least a portion of the ground 
stone artifacts recovered from the Moingona Oneota sites were used for multiple purposes.   
 
 
  
 
 
 
Table 8:  Frequency and percent for texture attribute states 
Texture n Percent 
Smooth 100 66 
Resharpened/Worn 35 23 
Multiple 16 11 
Total 151 100 
Table 9:  Frequency and percent of artifacts with residues 
Residue n Percent 
None 89 59 
Pigment 52 34 
Carbon 10 7 
Total 151 100 
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  Figure 4: Pigment residue on grinding slab from 13MA21 [Catalog # 189] 
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Figure 5: Comparison of attribute states related to intensive processing 
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 To determine the design of the artifacts, the attributes mentioned above were used to type the 
tools as expedient or strategic.  Some artifacts displayed somewhat of a mix of attributes associated 
with intensive and non-intensive processing, but many had dominant characteristics that indicated 
they were either of more expedient or strategic design.  For the graph (Figure 5) above, attributes 
thought to be associated with intensive processing and related reliance on agriculture were isolated to 
compare between artifacts that had been typed as expedient and strategic.  This includes multiple 
utilized surfaces, tool maintenance, single use, a round, uniform shape, and high levels of wear.  
Evidence of residues was also included and will be explained later.  As can be seen from the graph, 
the expected pattern does appear, with tools typed as strategic having higher proportions of attributes 
correlated with intensive processing.  This is especially true for attributes associated with intensity of 
use, such as surface number and wear level, that appear to be strongly correlated with strategically 
typed tools.   
 For singular use and presence of residues, there seems to be less of an obvious distinction 
between strategic and expedient artifacts.  One explanation may be that this is a reflection of the use 
life of the artifacts; initially strategic tools were used exclusively for food grinding, but were reused 
for secondary purposes as other tools types.  When examining the differences between strategic and 
expedient tools more closely, it can be seen that strategically designed artifacts were most commonly 
reused as fire-cracked rock (50%).  This is in direct opposition to how expediently designed tools 
were reused, with 95% having been utilized for percussion type activities.  This could be evidence to 
suggest that strategic tools were used sequentially for secondary activities, while many of the 
expedient tools were used concomitantly as both grinding tools and hammerstones or pecking stones.   
 For the use category, the attributes were again used to type the artifacts into those that had 
been used for multiple purposes and those that had not.  The texture and residue attributes were the 
most helpful characteristics at doing this, with the most obvious differences between artifacts being 
the appearance of heavy surface wear and residues of various kinds.  The graph (Figure 6) below 
shows that tools typed as having been used for tasks other than food processing had multiple types of 
wear; these tools were also more likely than single use tools to possess pigments or carbons on their 
exteriors’ as well.    
 Lastly, analysis of the raw material attributes shows prehistoric groups in the Central  
Des Moines River Valley most commonly used various igneous type (69%) rocks to manufacture 
manos and grinding slabs, although some sedimentary rocks with medium textures were found as well 
(25%).  When further comparing the differences in raw material by artifact type, it seems the size of 
the grains is more important than the actual material itself.   Overall, grinding slabs and manos were 
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manufactured out of almost identical proportions of igneous rock, with grinding slabs having a 
somewhat higher proportion of sedimentary materials.  The real difference, however, seems to be 
differences in the actual grain size, with manos more commonly being manufactured out of coarse 
grained materials (41%) and grinding slabs being manufactured out of medium or fine grained rocks 
(80%). 
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Figure 6: Comparison of attribute states associated with use of artifacts 
  
   
Descriptions 
 The general characteristics of expediently designed manos and grinding slabs, as well as 
those of strategically designed manos and grinding slabs can now be described to gain a better 
understanding of the common attributes that each type of artifact commonly possessed.  Overall, 
expedient manos generally had an irregular shape and were made out of river polished cobbles and 
pebbles that naturally would have exhibited a flat, smooth grinding surface (Figure 7).  The 
expediently designed grinding slabs were also often manufactured using igneous rocks and were 
expedient in nature with only a minimal amount of shaping done in order to prepare one surface for 
grinding.  These grinding slabs were typed as expedient partly because many of the tools did not have 
features that would facilitate stability or comfort in grinding foods.  Some, in fact, appeared to be 
unstable on a flat surface and may have needed to be propped in some manner.   
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 Although a majority of the ground stone artifacts from Oneota sites were typed as expedient, 
the collections did contain some tools that could be typed as strategic.  Commonly, this included 
manos that in Oneota literature have been described as biscuit shaped manos (Figure 8).  These manos 
appear to have been pecked and ground into a round shape from various igneous and sometimes 
metamorphic raw materials.  They were also generally smaller in size and could be easily held with 
one hand.  Other characteristics that indicate strategic manos had a more formal design include a 
small number of artifacts (such as 13WA105-2236) that could be defined as a turtleback.  
Turtlebacks, as the name suggests, are manos that have a high rounded surface that facilitates a more 
comfortable grip when grinding foods with one hand (Adams 2002). 
 One rare artifact in the assemblages, recovered from the Cribb’s Crib site, includes a strategic 
mano that is large enough to be typed as a two handed mano.  This mano was much larger than any of 
the other manos found in the assemblages and measures approximately 15.67 cm by 11.73 cm.   This 
mano was also highly formalized, with an obvious rectangular shape and a smooth, polished surface.  
Another important observation was that the possible companion grinding slab for this artifact was 
recovered from the site as well.   This is based on the similar grinding areas of the artifacts and 
corresponding wear on the tool surfaces (Figure 9).   
 
                          
 
a b c 
Figure 7: Examples of manos from the Mohler Farm site [Catalog # a) 364-5 b) 2843 c) 2593] 
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Figure 8: Example of strategic manos from the Howard Goodhue site [Catalog # a) 16721 b) 25288 c) 
13180 d) 19814] 
Figure 9: Strategic two handed mano and companion grinding slab from the Cribb’s Crib site 
[Catalog # a) 885 b) 886] 
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 This particular grinding slab from the Cribb’s Crib site also represents a small number of 
strategically designed grinding slabs recovered from Oneota sites.  Most of these artifacts were 
manufactured from igneous rocks and were typed as strategic because there was evidence to indicate 
more effort was put into their manufacture to make the tools more stable, or to smooth and shape their 
surfaces.   Within this subset of strategically designed grinding slabs are also two larger grinding 
slabs made out of sedimentary rock, which were recovered from the Clarkson site and the Howard 
Goodhue site (Figures 10 & 15).  
 These grinding slabs differed from those made out of igneous/metamorphic stones in that 
they had flatter and larger grinding surfaces.   It should be noted, as well, that many small, thin 
sedimentary fragments of grinding tools were recovered from the Howard Goodhue site that were 
typed as indeterminate.  It is possible these fragments come from another grinding slab that was once 
used by individuals living at the site (Figure 11).  
   
                          
 Figure 10: Strategic sedimentary grinding slab from the Howard Goodhue site [Catalog # 296] 
  
 Recovery of sedimentary grinding slabs may indicate there is the possibility that different raw 
materials were procured for tools expected to grind larger amounts of agricultural products.  In Iowa 
and in the Des Moines River Valley, the geology of the area is characterized by sedimentary layers 
created by vast inland seas in Paleozoic times that were overlain by loose unconsolidated sediment 
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and rocks deposited during multiple glacial episodes. The only igneous and metamorphic stones that 
would have been locally available to Oneota and Woodland groups would have been large glacial 
erratics or glacial till transported from areas in Minnesota, Wisconsin, and Canada that were 
deposited within river and stream channels (Cooper 1982; Prior 1976).   
 According to the analysis of river deposits in the area of Ledges State Park (Boone County), 
the maximum size of these glacial cobbles was equivalent to the size of the igneous/metamorphic 
grinding slabs that were found at the various sites (Bettis et al. 1988).  If larger grinding areas were 
desired, the prehistoric groups living in the Central Des Moines River Valley would have had to rely 
on other available materials in the area, such as the sedimentary rock deposits exposed along the 
banks of the Des Moines River.  
 
                           
   Figure 11: Possible grinding slab fragments from the Howard Goodhue site 
  
 This may seem unusual because ethnographic evidence suggests vesicular basalt was the 
most favored grinding material for Native American groups, with sedimentary rocks being the least 
favored because of the amount of grit that was introduced into the meal (Adams 2002; Stone 1994).  
But use of sedimentary rock as grinding stones is also largely dependent on how well the individual 
rock grains are cemented together.  If the grains are fairly secure within the matrix of the rock, these 
stones are actually useful as grinding stones; archaeological assemblages from the Southwest show 
some groups relied on this type of raw material (Fratt and Biancaniello 1993).  Elsewhere in the 
Midwest, sedimentary rock seems to have been preferred in the manufacture of larger grinding stones, 
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such as by Mississippian groups from the Turner and DeMange sites, where all of the grinding slabs 
were manufactured out of this material (Milner 1983). 
  
 
                                         
 
Figure 12: Local raw material available for the manufacture of grinding slabs (Bettis et al. 1988: Figure     
2) 
                        
 Lastly, size was used as an important indication of the quantities of plant foods that could be 
processed with the manos and grinding slabs from the sites in the sample.  Diehl’s (1996) analysis of 
ground stone manos from locations in the Southwest shows large two handed manos associated with 
the processing of maize often measured around 180 cm².  The size of manos from Oneota sites fell 
well below these measurements, with an average size of 69 cm² (range 50, s.d. 29).  The average size 
of the grinding slabs recovered from the sites was 216 cm² (range 467, s.d. 128).  Analysis of the 
overall size measurements of the artifacts also shows most artifacts clustered within this similar size 
range. 
 Some grinding slabs and manos, however, did appear to by outliers, with a total area that was 
considerably larger than the other artifacts.  This includes the large strategically designed mano, 
whose area fell at 186 cm², which is well within the limits of what Diehl (1996) would have 
considered as a large maize grinding mano.  The grinding slabs with a much larger surface area 
include artifacts recovered from two Oneota sites.  One grinding slab from an Oneota site, in fact, was 
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not complete and still measured at 350 cm².  The largest grinding slab recovered is a grinding slab 
from the Clarkson sites that measures around 1029 cm².  The figures (13 & 14) that follow show the 
general distribution of both grinding slab and mano size (both complete and fragmentary pieces from 
the Oneota assemblages). 
 A comparison between the artifacts recovered from the three different prehistoric time 
periods is also useful in determining if there were any noticeable diachronic changes in the design, 
size, and use of the manos and grinding slabs.  One of the most useful indicators is the overall design 
of the artifacts, with relative proportions showing that the number of strategic tools increased through 
time.  At Middle Woodland sites, no strategic tools were recovered, while at the Late Woodland site 
of Saylorvillage, only 9% of the artifacts were typed as strategic.   
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 Figure 13: Graph illustrating size distribution of complete and fragmentary mano artifacts 
                          
                    
                 
Figure 14: Graph illustrating size distribution of complete and fragmentary grinding slab artifacts 
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   Figure 15: Strategic sedimentary grinding slab from the Clarkson site [Catalog # 5267] 
 
 
 Interestingly, there are some surprising patterns.  Size proved not to be a useful measurement; 
most of the tools were expedient from all sites so there were no noticeable differences in the overall 
dimensions of the artifacts.  As expected, the ground stone artifacts from the Oneota assemblages had 
a slightly higher proportion of two sided artifacts.  Surprisingly, it appears Middle Woodland sites 
actually had a higher proportion of artifacts utilized on two sides (23%) when compared with the Late 
Woodland site.  The Late Woodland site, in fact, was noticeable for its very high proportion of 
ground stone tools that were utilized on only one side (89%).  
 Residues left on the tools’ surfaces may reveal possible secondary uses.  When comparing the 
proportion of tools with pigment, carbon, or no surface residue, it does appear Middle Woodland sites 
had the highest proportion of artifacts used for multiple purposes.  Identical proportions of Middle 
Woodland artifacts (48%) had either no surface residue or traces of pigments.  Overall, carbon was 
the least common type of residue to be found (4%).  Late Woodland artifacts have little evidence for 
any type of residue on their surfaces (71%).  Texture of the tools followed this general pattern as well.  
Again, it appears a larger proportion of Late Woodland artifacts had smooth grinding surfaces (86%), 
with little evidence for any other wear types.  Oneota artifacts had a slighter higher incidence for 
surface rejuvenation (23%), while Middle Woodland artifacts had the highest incidence for multiple 
wear patterns (15%).  
  
42 
 
 
 
                                   
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 Overall, these differences between the ground stone artifacts from the three different time 
periods suggest tools from the earliest Middle Woodland sites were of the most expedient design and 
had the highest incidence for multiple wear patterns.  Figure 16 illustrates an artifact recovered from a 
Middle Woodland site.  In general, tools from these sites were manufactured from various river 
cobbles and were fairly irregular in shape. 
 The same is true for many of the artifacts recovered from the Late Woodland site, with a few 
notable exceptions.   In general, artifacts recovered from the Saylorvillage site are slightly more 
uniform in shape and appear to have been used for a longer duration of time when compared to their 
Middle Woodland counterparts.  Artifacts from this site, however, do often times appear to have been 
manufactured out of river pebbles or cobbles and were of expedient design (Figures 17 & 18).   
 The one noted exception to this pattern is a small number of strategically designed tools that 
were recovered.  This includes a large, two handed mano that is very similar to the two handed mano 
recovered from the Oneota Cribb’s Crib site.  When comparing the two artifacts side by side, they 
appear to be identical in both size and design (Figures 19 & 20). 
 
Figure 16: Expedient grinding slab from a Middle Woodland site (13BN12) [Catalog # 547] 
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Figure 17: Expedient grinding slab from the Late Woodland Saylorvillage site [Catalog # 4194] 
 
 The second artifact is a sedimentary grinding slab that was recovered from the Saylorvillage 
site.  This artifact is also unique in that it represents the only possible strategic trough grinding slab 
recovered from any of the sites in the sample.  Overall, this trough grinding slab is fragmentary in 
nature and measures 310 mm by 300 mm, with a border width measuring 47.1 mm (Figure 21).  It 
was noted in the initial site report the trough grinding slab was incompatible with the large two 
handed mentioned above, due to the trough’s somewhat constricted grinding surface (Osborn et al. 
1989). 
                          
 
Figure 18: Examples of expedient manos from the Saylorvillage site [Catalog # a) 1002 b) 4196 c) 88 d) 
80]                                           
 
 
a b c d 
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Figure 19: Strategic two-handed mano from the Saylorvillage site [Catalog # 3051]                                                              
                  
 
 
 
                           
 
Figure 20: Strategic two-handed mano from the Oneota Cribb’s Crib site [Catalog # 885] 
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Comparison with Other Oneota Regions 
 Overall, the differences between the Middle Woodland, Late Woodland, and Oneota time 
periods indicate possible temporal changes in ground stone tools, with an increase in the number of 
strategically designed artifacts.  Next, Moingona Phase Oneota artifacts will be compared to those 
from other Oneota regions to determine if there was any regional variability in the size and design of 
Oneota ground stone tools.  Comparisons will be made with artifacts recovered from Northwest and 
Southeast Iowa Oneota regions, as well as ground stone tools found at LaCrosse, Wisconsin locality 
sites.  
   For the Wever Terrace locality sites of Southeast Iowa, sizes of the manos and grinding slabs 
appear to be somewhat larger to Moingona Phase ground stone tools, with grinding slabs from 
Southeast Iowa measuring 391.167 cm and manos measuring 76.97 cm (Halloran 1995).  For the 
grinding slabs, all were described as expedient tools with 1-2 utilized surfaces, gouges on the sides 
indicating secondary use, and angled grinding surfaces.  Ground stone tools from these sites were 
generally manufactured out of locally available sedimentary and glacial rocks, with many of the 
grinding slabs made out of diorite, granite, conglomerate, and limestone.  All of the manos were 
typed as small one handed tools that were round or ovoid in shape.  Some appeared to be intentionally  
            
Figure 21: Possible trough metate recovered from the Saylorvillage site [Catalog # 4192] 
                                                                                         
 
  
46 
shaped, while others appear to have been shaped through use.  Both the grinding slabs and manos, as 
well, appear to have been used for multiple tasks or activities (Halloran 1995).     
 Manos and grinding slabs from the Northwest Iowa site of Blood Run also display 
similarities with both Moingona and Southeast Iowa ground stone tools.  Sizes for the artifacts were 
comparable between Northwest and Southeast Iowa sites; from a limited number of artifacts, it 
appears the average size of grinding slabs was 391.0 cm and the average size of manos was 95.63 cm 
(Henning and Schermer 2004: 499-503).   
   
 
 
 
 
 Grinding slabs were described as being large and heavy with 1-2 flattened or concave 
surfaces.  It appears most were manufactured from igneous and metamorphic rocks and were 
probably used to process a number of different materials other than plants, such as faunal remains and 
mineral resources.  Other types of surface wear substantiate this claim, with evidence for 
multipurpose use, such as parallel lines along the peripheral edges indicating tool sharpening or 
abrasion.  Evidence for some tool modification and maintenance existed as well, with a small number 
of edges that were modified to shape the grinding slabs into more desirable forms and surface 
rejuvenation found in the central portion of the artifacts (Henning and Schermer 2004).  
 Manos were generally circular or oval in shape, with 1-2 grinding surfaces.  The majority are 
described as biscuit shaped, or modified to fit easily into one hand.  It was hypothesized these manos 
were probably used for the processing of various substances besides maize, including other cultivated 
crops, nuts, and berries (Henning and Schermer 2004).  It was also suggested the manos served as 
multiple tool types, including hammerstones and pecking stones.  It is interesting to note, as well, that 
rectangular, two handed manos have been noted at other archaeological sites in the Northwest region 
of Iowa, although none of these mano types were recovered from the Blood Run site (Henning and 
Schermer 2004). 
 Important in this discussion of possible regional differences in Oneota ground stone artifacts 
is the overall numbers, morphology, and size of manos and grinding slabs recovered from LaCrosse 
Wisconsin Oneota sites.  This is because researchers in this specific Oneota region often argue for 
Table 10: Size comparison of ground stone artifacts from multiple Iowa Oneota regions 
 
Manos Grinding Slabs 
Central Iowa 216 cm2 69 cm2 
Southeast Iowa 391 cm2 76 cm2 
Northwest Iowa 391 cm2 95 cm2 
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Oneota reliance on agriculture because of possible Oneota ridged field systems uncovered here 
(Gallagher 1994). Examination of LaCrosse ground stone assem-blages, interestingly, shows there are 
differences in the quantities of manos and grinding slabs recovered from these sites.  For example, 
limited excavations at the Olson Site (Gallagher et al. 1982) revealed that grinding stones comprised 
the largest proportion of the total number of ground stone artifacts, with 137 artifacts found.  
Generally, the manos that were recovered from the site follow a consistent pattern with other Oneota 
sites and were typed as small, biscuit shaped manos. 
 Yet, at the Valley View site it was noted few food processing tools were found.   Researchers 
suggested at the time that this pattern needed to be addressed in order to understand the activities that 
were taken place at the site (Stevenson 1994).  Overall, variability in the ground stone assemblages of 
the LaCrosse locality sites indicates there are intersite differences in the quantities and types of 
ground stone artifacts recovered from this region.  Intersite variability was also noted for sites from 
the Central Des Moines River Valley that were included within this study.  For example, many 
grinding slabs and manos were recovered at the Cribb’s Crib site, while far fewer such artifacts were 
recovered from the Mohler Farm site.   
 Overall, these somewhat similar observations made at multiple Iowa Oneota sites are an 
indication that ground stone manos and grinding slabs may have been used for many of the same 
purposes throughout the region.  Rather than being formal mano and metate toolsets, Oneota ground 
stone artifacts were usually of expedient design and utilized for multiple purposes.  This includes 
Moingona Oneota sites, with the discussion above showing a majority of the tools were typed as 
expedient, based on their unmodified shapes, low levels of wear, and indication for multi-purpose 
use. 
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CHAPTER 6  
DISCUSSION 
  
 In this chapter the key results of the ground stone analysis will be outlined, including the 
conclusion that Moingona Phase Oneota groups were not intensive agriculturalists, based on their 
small and expediently designed ground stone assemblages.  Specific theories as to why the Oneota 
may not have been intensively reliant on agriculture will next be explored, as well as the lines of 
evidence used to support the hypothesis that the Oneota relied on a diverse resource base to buffer 
against possible food shortages.  This includes ethnobotanical and faunal remains, artifacts and 
features recovered from Oneota sites, paleopathological remains, stable isotope analysis, and 
ethnographic analogy.  The overall size and design of Moingona ground stone artifacts will also be 
compared to grinding toolsets from Mississippian sites as another line of evidence to determine the 
degree to which Oneota artifacts could or could not accommodate the grinding of large quantities of 
maize.  
 
Key Results 
 The key results from the analysis of ground stone artifacts from Moingona Phase Oneota sites 
include:  
 
    1) Most specimens are of expedient design;  
    2) Most specimens are utilized on only one surface;  
    3) Many of the specimens had wear levels, surface texture, and residues to indicate  
          only moderate use for multiple activities; and,  
    4) Dimensions of the artifacts fell well below the sizes of grinding stone   
          implements used to process cultigens.   
 
Together, all of these observations support the conclusion that the Oneota of the Central Des Moines 
River Valley were not intensive agriculturalists.   
 As stated before, Moingona Oneota groups could be defined as intensive agriculturalists if 
their subsistence base was geared almost exclusively to maize agriculture.  If this was the case, 
archaeological remains recovered from Oneota sites should reflect the primary role of farming in their 
overall economy, with large numbers of farming implements, ubiquitous amounts of domesticated 
ethnobotanical remains, and farming related features, such as storage pits.  Based on previously 
mentioned design theory models, this assumption also includes the overall size and design of grinding 
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slabs and manos recovered from Oneota sites (Horsfall 1987).  If the Oneota were largely reliant on 
maize agriculture, their ground stone tools should be large and of a formal design.  However, this is 
not the case.  
 Despite the appearance of a small number of grinding slabs and manos that were capable of 
grinding adequate amounts of maize, most Oneota tools were of expedient design.  This excludes 
tools that had highly formalized shapes, large surface areas, high wear levels, tool maintenance, and a 
singular use.  Generally, Oneota ground stone tools appear to have been manufactured out of pebbles 
or cobbles gathered from the river that would have already exhibited a somewhat smooth grinding 
surface.   
 Also, all of these expediently designed tools were modified though use only, with no initial 
preparation of the surfaces to ready them for grinding. Most tools were used for an extensive period 
of time to develop somewhat high degrees of wear, but don’t exhibit signs that they were used on an 
extensive, long term basis to the point tools required maintenance or surface rejuvenation.   Based on 
these observations, Oneota manos and grinding slabs seem most similar to ground stone tools 
associated with groups that have hunting and gathering or mixed economies.   
 Lastly, the overall size of the manos and grinding slabs recovered from the sites shows most 
artifacts were far smaller than food grinding toolsets used by intensive agriculturalists.  Only a very 
small percentage of the artifacts, including the formal two handed mano and the large sedimentary 
grinding slabs, have overall surface areas that even approach the size of manos and metates utilized 
by full scale farming societies.  This observation, together with the expedient tool design and multiple 
uses of the tools, indicates Oneota groups were not intensive agriculturalists.   
 Based on the theories provided in Chapter 2, numerous factors can explain why the Oneota 
were not intensively reliant on agriculture.  One can apply Barlow’s (2006) theory on the relationship 
between foraging and farming in the Fremont, by arguing that low farming levels indicate numerous 
high-yielding wild plant foods may have been available to the Oneota.  Based on environmental 
explanations, the climatic amelioration of the Neo-Atlantic Period and the expansion of the Prairie 
Peninsula can suggest the Oneota were forced to rely on hunting (Harvey 1979).  Lastly, it’s possible 
there were few social pressures for Oneota groups to produce food resources, as opposed to 
Mississippian cultures, where heavy trading and differentiations in social status required the 
production of a surplus of maize (Bender 1978). 
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Theories on Oneota Resource Diversity 
  Often cited arguments in support of a more broad based Oneota economy, which may provide 
some explanation as to why the Oneota were not reliant on agriculture, include discussions by both 
Brown (1982) and Gallagher and Arzigan (1994).  One theory proposed by Brown (1982) suggests 
most Oneota groups were only partially reliant on agriculture.  In part, this conclusion is based on 
artifacts recovered from Oneota sites, such as bison scapula hoes and stone celts, that Brown argues 
actually represent light duty farm implements that would have only been used to work easily tillable 
soils. This is in direct contrast to the heavy duty farm implements utilized by Mississippian groups 
who were thought to have been intensive agriculturalists.  Brown (1982) also notes that Wisconsin 
Oneota garden beds, which have long implied reliance on maize agriculture, were actually located in 
soils that were not the most optimal for growing crops.   
 Site catchment analyses of Oneota sites throughout the Midwest indicate Oneota groups were 
settling in diverse environments (Tiffany 1982).  Oneota sites are commonly located near 
bottomlands, upland prairies, and wetlands where groups could have been practicing a mixture of 
hunting, agriculture, and the exploitation of wetland resources (Alex 2000).  Because of this resource 
diversity, Brown (1982) argues it may not have been necessary to practice agriculture intensively in 
resource rich areas of the Midwest where there weren’t large populations.  The consistency of Oneota 
artifacts over a broad range of geographic areas suggests, instead, these people had the ability to 
exploit a wide range of resources in a number of different environments. 
 Gallagher and Arzigan (1994) continue this debate by arguing the definition of intensification 
should not be restricted to the production of surplus food resources that resulted in complex societies, 
such as Mississippian cultures.  They instead outline two types of agricultural intensification: 
intensification by specification, in which the use of a few foods is expanded at the expense of others, 
or intensification by diversification, in which there is an increased human input into multiple types of 
resources.  This second type of intensification would be adopted by groups attempting to buffer 
against the risk of unpredictable food resources.  Gallagher and Arzigan (1994) argue the Oneota 
mixed economy typifies a food subsistence base that relied on intensification by diversification.   
 Examples of an increased human input in Oneota agriculture is seen in various practices of 
clearing fields, constructing ridged field systems, soil improvement, as well as the processing, 
transport, and storage of cultivated foods.  The incorporation of maize agricultural, they argue, would 
have been a gradual process that was assimilated smoothly into Oneota economies already reliant on 
the horticulture of starchy and oily seeds.  Because of this, an increased input into maize agriculture 
would not have been at the expense of other Oneota hunting and gathering practices.  Gallagher and 
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Arzigan (1994) note hunting and gathering would have had their own risks associated with 
unpredictable food resources, but the combination of hunting and gathering, along with the ability of 
agriculture to produce storable foods, may have provided the most beneficial type of subsistence for 
the Oneota.  
 Based on these arguments, one hypothesis is that because the Oneota were not intensive 
agriculturalists, they relied on a mixed economy to buffer against resource scarcity.  If this is the case, 
it should be expected that archaeological artifacts from Oneota sites should indicate they were reliant 
on a number of different resources.  This concept also ties into four mechanisms that have been 
identified as common responses used by groups to buffer against resource scarcity.  These include 
resource diversification, as well as increased mobility, storage, and exchange (Halstead and O’Shea 
1989).   
 Historic groups, such as the Plains Pawnee, are cited as being located at the northern margins 
of agriculturally suitable areas, like the Oneota.  Possible similarities can also be seen in their mixture 
of maize agriculture, with fields located along rivers and streams, and bison hunting (O’Shea 1989).  
Problems that often affected Pawnee agricultural crops include drought, grasshoppers, birds, and 
raiding.  To buffer against these food shortages, the Pawnee diversified their food base by growing a 
number of different maize varieties, exchanging with other groups, and practicing intensified hunting 
during lean years (O’Shea 1989).   
 If this was true for the Oneota, as well, there should be evidence these groups were also 
attempting to buffer against food scarcity by either increasing the amount of storable food, trading 
with neighbors, becoming more mobile, or broadening their food base.  This may include an 
increased number of storage pits from earlier times, evidence of contact with neighboring groups, as 
can be seen in exotic trade goods and similarities in ceramic styles, or through a diverse array of 
ethnobotanical and faunal remains.  Multiple lines of evidence from Oneota sites will be used to help 
address this question.   
 As discussed before, artifacts commonly recovered from Oneota sites, such as bison scapula 
hoes, stone celts, and large storage pits are traditional lines of evidence that support an Oneota 
agricultural food base.  Oneota ceramics, as well, are often used as an indication that maize was an 
integral part of the Oneota diet because its thinner walls and shell tempering allowed for faster and 
more thorough cooking of plant foods (DeVore 1990a; Fishel 2001).  Ridged field systems recovered 
from Wisconsin and Michigan Oneota sites also shows Oneota groups were attempting to optimize 
their growing season by buffering against frost in more northerly climates (Gallagher 1989).  Other 
archaeologists, however, argue Oneota culture does not contain the hallmarks of intensive 
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agriculturalists, such as complex social organization, ascribed status, and funerary structures (Benn 
1989).  Because of this, the Oneota were still reliant on a mixed food base of hunting and gathering. 
 
Ethnobotanical Remains 
 One of the most useful lines of evidence to address the question of Oneota reliance on 
agriculture and possible buffering include ethnobotanical remains recovered from Oneota sites.  Plant 
remains that were analyzed from the sites included in this study are the Howard Goodhue site, where 
71 charred corn kernels, 7 corn cob fragments, 8 hackberry seeds, 5 fruit pits, and one charred nut 
seed were identified (Gradwohl 1973).  At the Cribb’s Crib site remains of corn were uncovered, as 
well as 2 chenopodium seeds, 2 charred pigweed seeds, and 1 walnut (DeVore 1984).  Corn, beans, 
cherries, plums, and rose hips were uncovered at the Clarkson site (Osborn 1976).   
  The most complete analysis to date of plant remains analyzed from Moingona Phase Oneota 
sites comes from the excavations of the Wildcat Creek, Dawson, and the Norman Dille sites of 
Marion County (Moffat et al. 1990).  Based on the floral assemblages from the three sites it was 
concluded agriculture was an integral component of the Oneota diet.  Maize (mostly of the Eastern 
Eight Row Variety) was the most important crop, but with little barley, sunflower, marshelder, 
curcubits, tobacco, and beans having been grown as well.  The Oneota were also believed to have 
supplemented their diet with wild plants, especially fleshy fruits.  Overall, the Oneota diet was 
described as being very flexible and consisting of a variable combination of hunting, gathering, and 
horticulture (Moffat et. al. 1990).    
 Regarding ethnobotanical remains, one important point to make is that disagreement over 
Oneota reliance on agriculture can be tied back to generalizations that have been made about the 
culture in the past.  Bruce Smith (2002), for example, makes the observation that archaeologists often 
assume groups were agriculturalists if maize was found at a site.  This, however, does not take into 
account the fact that maize had been introduced into Eastern North American around AD 200, but did 
not become a staple crop until AD 900.  Almost one thousand years passed, than, before cultures 
become reliant on maize to the degree that they could be labeled maize agriculturalists (Yarnell 
1993). 
 Related to this is the assumption that if no maize was found at a site, there was the 
implication that cultures followed a hunting and gathering subsistence base.  Smith (2002) and others 
have shown, however, that there was a marked increase in groups’ reliance on native seed plants 
during Woodland times.  In actuality, these plants were highly nutritious and capable of producing 
high yields, making it likely cultures were exploiting these plants on a wide scale (Smith 2002).  
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Based on these arguments, the fact that maize is recovered from Oneota sites doesn’t mean one can 
make the assumption that the Oneota were agriculturalists.   
 
Artifacts and Faunal Remains 
 The artifacts and faunal remains uncovered at Oneota sites are another important component 
that enables archaeologists to better understand the agricultural dependence of Moingona Phase 
Oneota groups.    Extensive faunal assemblages recovered from the Oneota sites, including deer, elk, 
bison, and various smaller mammals indicate a reliance on hunting (Hall 2007).  This is supported by 
the large numbers of small triangular projectile points, hide grainers, fleshers, awls, end scrapers, and 
arrow shaft abraders that are found as well (Gradwohl 1973).  Riverine resources such as turtle, fish, 
and mussel indicate exploitation for human consumption.  Numerous articles on Oneota subsistence, 
in fact, often point out that wetland and riverine plants and animals were probably an important 
component of the Oneota diet that is often ignored when discussing their subsistence practices 
(Brown 1982; Michalik 1982).  Together, these artifacts suggest a mixed reliance on animal, riverine, 
wild plant, and horticultural resources. 
 More recent analysis has also been done for the faunal and lithic assemblages for sites 
contained in this study.  At the Mohler Farm site, analysis of the lithic assemblages led to the 
conclusion that there may have been an increase in agricultural practices and a decrease in hunting.  
This was based on the decrease in the number of scrapers at the site, indicating lower amounts of hide 
processing was taking place as well as the manufacture of poorer quality projectile points (Scott 
2006).  For the Clarkson site, analysis of the faunal assemblage shows Oneota groups in this location 
were practicing deer hunting, with a total of 9 animals having been identified from excavated portions 
of the site (Otarola-Castillo 2006).   
  
Paleopathology and Stable Isotope Analysis 
 Skeletal analysis is another important indicator of Oneota reliance on agriculture.  Emerson et 
al. (2005), for example, analyzed archaeological, paleopathological, archeo-botanical, and isotopic 
data from Lanford Oneota sites of the Upper Illinois River Valley to determine the degree to which 
these Oneota groups were marginal agriculturalists.  From this analysis, it appears porotic hyperstosis 
was present on many of the skeletal remains and dental health was poor, both of which indicate a 
reliance on agricultural foods.  Finally, stable isotope analysis indicated maize made up a significant 
portion of the Langford Oneota diet, which was supplemented by the gathering of wild crop foods.   
 In their concluding remarks, however, Emerson et al. (2005) state that although evidence at 
their sites indicate a heavy reliance on maize agriculture, this generalization cannot be applied to all 
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Oneota groups.  From the historic Blood Run site of Northwest Iowa, human osteological evidence 
shows populations here were relatively healthy and may have not been reliant on an intensive 
agricultural diet (Schermer 2004).  Examination of the dentition of 32 individuals shows that most 
possessed few dental caries, indicating a low carcinogenic diet.  In fact, the individuals living at this 
site had fewer caries, antemortum tooth loss, and enamel hypoplasia when compared to earlier late 
prehistoric Oneota sites (Schermer 2004).  
 Carbon stable isotope analysis was also performed for 59 prehistoric burials in the tri-state 
area of Wisconsin, Minnesota, and Iowa, showing there was a marked increase in remains of C4 
plants found in skeletons from the Late Woodland to Oneota/Mississippi time period.  Oneota sites 
included in the sample include the Iowa Oneota Orr Phase site known as the O’Regan Bench 
Cemetery Site, as well as the Midway Site from the LaCrosse Oneota locality.  Overall, the isotopic 
evidence suggested the Oneota and Mississippian individuals had maize rich diets, which supports the 
theory that reliance on maize was increasing at this time (Pratt 1994). 
 
Ethnographic Analogy 
 Ethnographic evidence of possible descendents of the Oneota, such as the Ioway Indians, can 
possibly help to shed light on Oneota prehistoric economies and related subsistence practices.  The 
major economic activities of the Ioway include small scale gardening and bison hunting (Wedel 
1986).  The scheduling of these activities alternated between summer and winter hunting and 
cultivation of small garden plots in the spring and summer (Blaine 1979).  Artifacts recovered from 
historic Ioway sites include maize and bean remains, bison scapula hoes, pits, and grinding stones, 
which are all very comparable to artifacts recovered from Oneota sites and may indicate similar 
subsistence strategies (Wedel 1986).   
 This model of scheduling also helps to determine how much energy was required to maintain 
domesticated crops in the Central Des Moines River Valley.  For small scale gardeners such as the 
Ioway, plants may have only needed occasional maintenance such as weeding or hoeing.  This would 
have allowed for a continuation of hunting and wild plant food gathering, which had the potential of 
providing foods on a year round basis.   Ethnographic evidence is also beneficial in providing 
evidence of the importance of wild plant gathering, despite the limited presence of wild plants in 
archaeological assemblages due to poor preservation (Pearsall 1989).  Many of these plants are 
miniscule in size and are less prone to preservation than maize kernels and nut hulls. Often times 
these wild resources were readily available and were probably utilized by prehistoric Native 
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American groups for religious, dietary, and medicinal purposes, despite the fact they may have been 
used and discarded away from villages and camps (Etkin 1994).   
 
Storage Pits 
 Discussion of Oneota storage pits is also important because these features are an often cited 
line of evidence to support Oneota reliance on agriculture.  Across the US, deep bell shaped storage 
pits have been associated with agricultural groups from the Southwest, to the Fremont, to groups in 
the Upper Midwest (Barlow 2006; Doolittle and Mabry 2006).  Yet storage pits remain somewhat of a 
mystery, because as Smith (1992) states, large pits are often interpreted only as refuse pits, so exactly 
how they were used still seems unclear.  One important question is determining if Oneota storage pits 
could be equated with underground grain storage features that were used mainly to store a maize 
surplus.   
 Historic evidence shows that for Hidatsa groups, strings of corn, shelled corn, dried squash, 
and sacks of beans were commonly placed in cache pits to store for winter provisioning (Wilson 
1987).  Yet in one account, Buffalo Bird Woman states that of the four cache pits utilized by her 
family as a young girl, at least one pit was used to store dried wild turnips, choke cherries, 
juneberries, and any other valuables that weren’t taken to the winter village.  Storage pits were also 
used in the summer to hold items such as dried meat and bladders full of bone grease (Wilson 1987).   
 Based on this information, items other than maize may have been stored in Oneota storage 
pits, which have been substantiated by archaeological evidence.  At earlier Hopewell sites, numerous 
seed caches have been found that do not contain maize, but instead contain numerous indigenous seed 
plants (Smith 1992).  This practice may have continued up into Mississippian times, where evidence 
suggests maize may not have been ubiquitous in all food dishes.  Residue analysis of ceramic sherds 
from Mississippian storage pits shows some pots were used exclusively for storing maize, while 
others may have been used to store a multitude of other plants, possibly even wild plant or native seed 
varieties (Reber 2006).   
 The amount of maize found in storage pits can also not be necessarily equated with food 
surpluses generated by intensive agriculture.  Buffalo Bird Women states that there were differences 
year to year in whether food stores lasted through the entire winter (Wilson 1987).  Crop harvests 
were subject to many potential risks, including spoilage and pest infestations; another common 
problem in both prehistoric and historic times was that caches were often raided by neighboring 
groups.  It is also important to note that not all of the maize was consumed by a group, with some 
amounts reserved for trade with others, to be used as seed, or to be saved for future insurance 
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purposes.  Accounting for all of these variables indicates there was much fluctuation in the amount of 
maize grown from year to year and that surpluses were not always produced (Schroeder 1999). 
 Based on general trends seen in the archaeological record discussed above, it does appear 
Oneota groups may have slightly been increasing their production of maize.  This can be seen in the 
number of maize remains recovered from Oneota sites and the general increase in the size and design 
of ground stone tools through time (DeVore 1990a). The amount of large, bell shaped storage pits 
recovered from Oneota sites increases as well, as opposed to the small number of shallow pits 
recovered from Middle Woodland and Late Woodland sites in the Central Des Moines River Valley 
(Osborn et al. 1989).  Despite this increase in maize, one important distinction to make is that 
although there was a possible increase in maize agriculture, the Oneota were not intensively reliant on 
this particular crop. Instead, the argument can be made that the Oneota were increasing their reliance 
on multiple food resources, as seen from the evidence presented above.   
 Overall, the evidence suggests the Oneota were extensively exploiting not only maize, but 
numerous wild plant foods and native domesticated plant species.  Faunal remains are fairly abundant 
at Oneota sites, with Moingona phase groups commonly hunting white tailed deer, with small 
numbers of bison and other small mammals (Hall 2007; Otarola-Castillo 2006).  One important trend 
also is a possible increased reliance on riverine resources, including various species of fish and 
mussel.  In general, these patterns of exploitation suggest Oneota groups were increasing their 
exploitation of a diverse array of resources, when compared to earlier Woodland groups who relied 
mostly on white tailed deer, nuts, and a small number of domesticated plants (Benn 1980).  
 Evidence for other buffering mechanisms practiced by the Moingona Oneota is somewhat 
more tenuous.   There are indications that the Oneota were building larger numbers of storage 
features, as compared to their earlier Woodland counterparts (Osborn et al. 1989).  Evidence for this 
is found in the number of large, bell shaped storage pits recovered from Oneota sites.  Data to suggest 
the Oneota were increasing their mobility is far less obvious.  Various Oneota site types have been 
recovered from the Central Des Moines River Valley, including winter hunting camps and resource 
extraction camps, showing the Moingona Oneota were somewhat mobile (Moffat 1998).  But whether 
or not they were more mobile than Woodland groups remains to be seen.   
 Evidence for trade is also far less obvious.  Some Oneota researchers have noted the seeming 
absence of large numbers of trade items from Oneota sites (Benn 1989).  For Moingona Phase groups, 
copper artifacts and similarities in ceramic designs with Southeast Iowa Oneota groups, in the past, 
have been used to imply at least limited trade relations with their neighbors to the south (Tiffany 
1998).  One argument in support of trade could be the situation of Moingona Phase sites on the major 
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waterway of the Central Des Moines River.  This may imply groups were settling in these specific 
locations to utilize the natural river corridors for communication and trade. 
  
Comparison with Mississippian Sites 
 A comparison between Oneota and Mississippian ground stone may also be helpful to 
determine if Oneota manos and grindings slabs do in fact differ from food grinding tools associated 
with cultures that have been traditionally labeled as intensive agriculturalists.  At two Mississippian 
sites in southern Illinois, the Turner and DeMange sites, 63 objects were identified as manos or 
grinding slabs based on their flat or flat/concave grinding surfaces (Milner 1983).  Overall size in 
length and width for these artifacts was not available; however weight measurements were provided.  
Based on this data, the largest grinding slab from the two sites weighed 29 kg (~63 lbs).  Based on 
weight alone, this grinding slab is 3-4 times larger than the heaviest grinding slabs recovered from 
Moingona Oneota sites, with the largest grinding slabs recovered weighing around 14 lbs (Milner 
1983: 102).  
 Despite the argument in this study that sedimentary stone grinding slabs are correlated with 
an increased need for larger grinding surfaces, other archaeologists have in fact suggested that stone 
slabs were almost completely abandoned at the height of maize reliance in Mississippian times 
(Myers 2006).  Archaeological evidence from three Mississippian sites suggests a decrease in the 
number of stone slabs used, with the earliest site containing nine stone slabs, the next period site 
containing only five grinding slabs, and the last site containing none of these artifacts.  Myers (2006) 
correlates this trend with an increased reliance on maize agriculture, but specifically to the production 
of maize into the food dish known as hominy.   
 Hominy is often prepared by Native American groups by pounding maize in wooden mortars 
and pestles, which is than boiled with wood ashes to make a type of porridge.  This process helps to 
release important amino acids that make maize a more nutritious food.  Myers (2006) argues hominy 
became the dominant maize processing technique, resulting in the abandonment of stone slabs in 
favor of wooden mortars and pestles.  Other lines of evidence to support this include a possible 
increase in the size of the deltoid tuberosity (attachment for arm muscles) on female skeletons, as well 
as a decrease in the amount of tooth microwear, which is associated with rock fragments introduced 
into corn meal by stone implements (Myers 2006).   
 This argument raises a number of questions relating to how the preparation of maize 
influenced the processing tools utilized by prehistoric groups.  For the above theory to be adequately 
supported, more evidence is needed to show that stone grinding slabs did in fact disappear from 
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Mississippian sites.  This theory also suggests that other methods of preparing maize were minimal, 
compared to the preparation of hominy.  Yet ethnographic evidence from groups throughout the 
Midwest shows that maize was processed in a number of different ways, and hominy was not the 
dominant or preferred method, at least at historic contact (Will and Hyde 1964). Lastly, evidence 
from Oneota sites and historic Ioway archaeological sites suggests groups never abandoned ground 
stone tools.  Instead, they appeared to have relied on a suite of processing tools that included wooden 
mortars and pestles, as well as stone grinding slabs (Wedel 1986).   
 Despite these unanswered questions, the Oneota are important in any discussion of why 
cultures adopt agriculture because they appear to have maintained a balanced economy that included 
both hunting-gathering and agriculture.  This conclusion is based on faunal and ethnobotanical 
evidence that shows Oneota groups were utilizing a diverse array of wild plants, native domesticated 
crops, imported crop foods such as maize, deer, bison, and riverine resources.  Artifacts and features 
excavated at Oneota sites may support this argument as well, with a diverse mix of artifacts used for 
agriculture, hunting, and fishing, as well as storage pits that were used to store maize and possibly 
other plants and tools.  Paleophathological and stable isotope analysis have produced more varied 
results, but could also be used to implicate reliance on a mixed economy based on results from 
Northwest Iowa and LaCrosse Oneota sites (Shermer 2004; Tubbs and O’Gorman 2005).  Lastly, 
comparisons made with ground stone tools from Mississippian sites does show most Oneota grinding 
slabs would be less efficient at grinding large quantities of maize and were best used as multi-purpose 
tools in a mixed economy. 
 It is possible that because of this mixed economy, the Oneota were able to benefit from 
positive aspects of agriculture, such as the production of storable food surpluses, while reducing 
agriculture’s negative effects of heavy work loads and poor diets.  By relying on agriculture un-
intensively, the Oneota could maintain a more nutritious mixed diet, and may have been less affected 
by food shortages brought on by various stress factors.  As numerous Oneota researchers have noted, 
the defining characteristic of Oneota groups may not be their reliance on agriculture, but instead their 
apparent ability to adapt to various and fluctuating environments, because they relied on such a 
diverse array of resources (Brown 1982; Gallagher and Arzigan 1994).  
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CHAPTER 7  
CONCLUSIONS 
 
 In the final chapter of this paper, research from archaeological sites in the Fremont culture 
area will be used to explain possible reasons as to why the Moingona Phase Oneota were not 
intensive agriculturalists.  Limitations of the various aspects of this study also need to be addressed 
and will be included as well.  In part, discussion of these limitations may show that more research on 
Oneota ground stone is required to fully address the question of Oneota reliance on agriculture.  The 
final portion of this section will explain the need for future research and will include issues that could 
not be fully addressed in this paper.   
 
Models based on the Fremont   
 Based on the evidence presented in previous chapters, one conclusion is that the artifacts 
recovered from Moingona Oneota sites do seem to indicate these groups were diversifying their 
resource base to possibly buffer against resource scarcity.  As Brown (1982) and Gallagher, and 
Arzigan (1994) state, this implies the Oneota had the ability to adapt to changing conditions in their 
environments with related fluctuations in the availability of various resources.  This adaptive diversity 
may have been useful within the Prairie Peninsula, whose climate is dominated by severe fluctuations 
in both temperature and precipitation (Bryson and Wendland 1967). 
 Related to this argument, one important point made by researchers in the Fremont area of 
Utah is that climatic and social changes on a regional scale may be too general to explain the 
variation seen in an archaeological culture that spans a short time.  For example, if a site is occupied 
for 20 to 50 years, the most important factors that affect the behaviors of the site inhabitants are 
annual changes in precipitation, temperature, and the availability of local plants (Barlow 2006).  It is 
these variables that cultures deal with on a day to day basis, rather than major environmental changes 
that change over the course of hundreds to thousands of years, or the decline of a neighboring 
chiefdom. 
 The Fremont culture area can also serve as a useful model to explain some of the patterns 
seen in the Central Des Moines River Valley.  In part this is because the Fremont culture is dated to a 
similar time period than the Oneota and was perhaps affected by similar climatic changes in the 
1200’s that reduced the suitability for maize agriculture (Simms 1999).  Archaeological remains 
recovered from Fremont sites are also very similar to those found at Moingona Phase sites and 
indicate economies that were partially reliant on maize agriculture, including substantial structures, 
storage pits, ceramics that vary in form, and ground stone (Barlow 2006). 
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 As stated before, the Fremont area had been something of a mystery for archaeologists 
because prehistoric sites in this region retained a mix of foraging and farming behaviors, even after 
agriculture had been introduced into the area (Simms 1999).  Rather than suggesting groups had 
either adopted foraging or farming as mutually exclusive pursuits, archaeologists acknowledged the 
fact that Fremont cultures could practice both, depending on fluctuations in the availability of wild 
plant resources.  In this area, maize farming with fairly simple technology was considered 
economically comparable to the energy input required in the collecting and processing of wild plants.  
Because of this, economic pursuits in the Fremont were fairly plastic and there could be variability on 
a year to year basis on whether groups were foragers or farmers (Simms 1999). 
 For the Moingona Phase Oneota, this model is useful because of the assumption that they 
were not intensive agriculturalists.  Instead the cultivation of maize was incorporated into a broad 
based economy that included wild plant gathering and hunting as well.  Like the Fremont, Oneota in 
the Central Des Moines River Valley may have fluctuated between foraging and farming, based on 
the availability of wild plant resources, animals such as bison and white tailed deer, riverine 
resources, and the yields produced from agricultural fields. As Barlow (2006) suggested, the Oneota 
may have been continually making decisions throughout the year as to what resources they exploited, 
based on expected yields they thought they could obtain from a particular food item.    In the end, 
these fluctuating behaviors could explain the diverse array of resources recovered from Oneota sites, 
as well as the variability in the numbers and types of artifacts recovered from different Oneota 
regions.   
 
Limitations  
 It is also important to note possible limitations associated with the analysis of the ground 
stone tools included in this study.  Discussion of the results from earlier chapters, for example, show 
that when isolating one recorded attribute state and comparing it between the different time periods, 
some unexpected patterns appeared.  For example, many times Middle Woodland artifacts had the 
highest levels of wear, as well as other attributes that should be correlated with intensive processing, 
i.e. intensive agriculture.  One possible cause relates to the small sample sizes, especially for Middle 
Woodland and Late Woodland sites.  The Late Woodland site, for example, had high numbers of 
artifacts with smooth surface textures and singular grinding surfaces.  This pattern may become 
increasingly varied if more Late Woodland sites were introduced into the sample.    
 Other limitations associated with the ground stone artifacts include the argument there is no 
direct link between agricultural intensification and ground stone design.  Adams (1999, 2002) 
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suggests design of ground stone can also reflect evolutionary trends in ways that maize and other 
plant foods were prepared and processed.  Later historic evidence shows that groups who stored foods 
in large basin storage pits, similar to the Oneota, often dried and braided ears of corn together for 
future use (Wilson 1987).  Beyond this, however, maize could be prepared in a multitude of ways, 
including being boiled with wild plant foods, ground into a meal and shaped into cakes, pounded and 
mixed with honey and marrow, and boiled in wooden ashes (what is known as hominy) (Will and 
Hyde 1965). 
 Manos and grinding slabs weren’t the only tools utilized by prehistoric groups for processing 
plant foods.  Evidence from Ioway sites show groups were utilizing wooden mortars and pestles, as 
well as stone manos and grinding slabs (Blaine 1979).  Oneota and Woodland groups may have also 
been using similar tools, although it’s highly unlikely the tools would have been preserved due to 
their organic nature.  The use of such tools could potentially affect the outcome of this study, 
although evidence from Mexico suggests wooden mortars and pestles are adequate only for grinding 
corn into a coarse meal (Hayden 1987).  Manos and grinding slabs, on the other hand, had the ability 
to grind maize into a finer meal, which is valued by various Native American groups because it 
allows for faster and more thorough cooking.   
 Other limitations relate to the maize varieties that may have been grown by Moingona Phase 
groups.  Sources vary somewhat on this topic, but interviews with early historic Native American 
groups reveal that individuals often found it difficult to grind harder flint varieties of maize, with 
flour varieties preferred in recipes that called for a fine maize meal (Will and Hyde 1964).  Buffalo 
Bird Women suggests a more complex suite of preferences in the maize types and how they were 
used (Wilson 1989).  It is possible Oneota in the Central Des Moines River Valley were utilizing 
maize varieties that were not conducive for grinding. 
 Another limiting factor may have been the actual sizes of the cobs.  One cited benefit of 
prehistoric Eastern Eight Rrow varieties of maize were that they had larger cobs than the smaller 
cigar shaped types of earlier ten and twelve row ears of corn (Gallagher 1989).  But even these may 
have been fairly small, when compared to modern varieties of maize.  For Eastern Eight Row maize 
types, cobs generally measured four cupules around (one cupule = a pair of grains or rows).  So for 
cobs recovered from the Malone Oneota site in Southeastern Iowa, with cupules that measured 7.0 
mm in width, corn cobs would only be approximately 28 mm in circumference.  One important point, 
however, to keep in mind is that maize recovered from prehistoric sites is often carbonized, and has 
been reduced in size up to 15-20% (Blake and Cultler 2001).   
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 By historic times, maize would be somewhat larger, with average cupule widths of 8.8 to 9.0 
mm, which equals 64-72 mm in circumference (Blake 2001).  Yet in historic times, as well, bad 
farming years resulted in ears of maize that measured only 3 to 6 inches in length.  Cobs this small 
may have rarely been ground, due to the fact that they would have produced miniscule amounts of 
meal (Will and Hyde 1964).  This may explain why grinding technology was not as important to the 
Oneota.   
  
Suggestions for Future Research 
 In part, so little is known about ground stone tools from Oneota sites because the artifacts are 
an often overlooked and rarely studied component of Oneota assemblages.  Any future analyses of 
Oneota ground stone, then, would be beneficial in better understanding these prehistoric tools.  
General information on the shape, size, and raw materials of ground stone would be useful, as well as 
comparisons between the assemblages of different sites.  This data could help to reveal possible 
similarities and differences in the overall design and use of the artifacts. 
 Related to this is the observation that some Oneota sites are almost entirely devoid of ground 
stone tools, including manos and grinding slabs (Henning and Shermer 2004).  Is this because some 
Oneota groups were less reliant on foods that required processing, or is it because they were utilizing 
other types of tools for these tasks?  As stated before, the Ioway Indians relied on wooden mortars 
and pestles for some food grinding needs, so it is possible prehistoric Native Americans were utilizing 
these tools as well (Blaine 1979).  Another explanation may be Oneota sites were occupied at 
different times of the year and certain activities, such as food processing, were not always performed 
at every site location.  
  For example, at the Cribb’s Crib site, multiple numbers of strategically designed manos and 
grinding slabs were recovered from various contexts.  In comparison to the total number of ground 
stone artifacts recovered from the site, such as abraders and hammerstones, it appears the manos and 
grinding slabs dominate the ground stone assemblage.  In comparison to this is the Howard Goodhue 
site, which represents the most extensively excavated site included within this study.  Although the 
Howard Goodhue Site did contain a large number of strategically designed manos, it possessed fewer 
grinding slabs than the number found at Cribb’s Crib.  In general, the other Oneota sites usually 
possessed only a handful, if any, strategically designed tools.   
 Of course, one explanation for this pattern is that most Oneota sites were surface collections 
only, so there may be biases in the study sample resulting from the recovery contexts in which the 
artifacts were found.  However, these differences could reflect actual variability in the amount of food 
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processing that was taking place at each site.  These observations can also be extended to other 
Oneota Moingona Phase sites that are not found in the ISUAL collections.   
 At the Christenson Oneota Site, for example, no manos and grinding slabs were recovered 
from the excavation units (Benn 1991).  This perhaps may be related to the fact that the site is often 
interpreted as a winter hunting camp.  Although no manos and grinding slabs were recovered from 
this particular site, a number of utilized cobbles and fire cracked rock were found.  These tools appear 
to have been used for a number of different purposes, including the processing of various materials, 
such as animals hides and nuts, as well as hammerstones and heating stones (Benn 1991).   
 One possible explanation is that during the winter, groups may have found it to difficult to 
transport heavy and cumbersome tools such as grinding slabs to their winter camp site.  Instead, they 
may have used locally available rocks to process plants and other materials when the need arose.  
Ethnographically this does occur, with groups using small rocks to process plant foods on materials 
such as animal hides (Zarrillo and Kooyman 2006).    
 Artifact provenience was also provided for artifacts recovered from five of the sites in the 
study, including Howard Goodhue, Clarkson, Cribb’s Crib, Mohler Farm, and Saylorvillage.  These 
proveniences were divided into three general recovery contexts which included surface finds, pit 
features, and excavation units.  In total, similar amounts of artifacts were recovered from each of 
these general locations.   A chi square analysis was done comparing the artifact numbers from each of 
the three areas to their theoretical distribution.  The calculated chi square = 0.6512, indicating there 
was no statistical difference between these proportions.  Next, a chi square was calculated for the 
provenience of each of the artifact types, including manos, grinding slabs, and indeterminate artifacts 
within each of the three general areas.  Overall, the chi square = 15.161, indicating, statistically, there 
were differences in the distribution of artifact types within the sites.  Based on these observations, one 
question regarding Oneota ground stone is, are there noticeable patterns in where these artifacts were 
deposited and are there any differences between the depositional context of manos and grinding 
slabs?   
  Large ground stone tools, such as grinding slabs, are also unique in that they are considered a 
type of site furniture.  This is because they were too heavy and cumbersome to transport large 
distances and so had to be left at a site (Schlanger 1991).  One common practice by prehistoric groups 
was to cache large ground stone items if they expected to return to a site the following season.  
Evidence for this is visible at the Late Woodland Saylorvillage site, where a rock cache of 4-5 
grinding slabs, plus other types of modified rock were found within one pit feature (Osborn et. al 
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1978, 1989).  For Oneota sites, it would be useful to see if there were instances of ground stone tools 
that were cached for future use as well.    
 The location of the grindings slabs and manos may also be useful in identifying task areas 
that were associated with a specific gender in Oneota societies.  For the Ioway and other historic 
Native American groups, agricultural work and plant processing were strictly women’s duties (Blaine 
1979; Adams 2002).  In fact, for many of the tools needed in their day to day activities, women 
procured the raw materials and manufactured the items themselves (Adams 2002).  The provenience 
of manos and grinding slabs may help to delineate women’s task areas at large village sites.  This 
information could be important in bringing a different, gendered perspective to prehistoric sites.   
 Evidence for the degree to which Oneota groups relied on agriculture could also be addressed 
and confirmed based on the various chemical and microscopic analyses that can be done on ground 
stone tools.  Adams (2002) states different tribochemical modifications appear on the grinding 
surfaces of manos when processing different materials.  Using manos to process animal hides, for 
example, will leave different wear patterns than manos used for grinding corn. Residue analysis, as 
well, can help to determine the substances that were ground in conjunction with grinding slabs and 
manos.  Yohe et al. (1991) found food processing tools from California exhibited traces of blood 
residue, indicating they were used to grind small mammals.  Lastly, identification of plant residues 
can also help determine what materials were processed with ground stone tools, which may be an 
exceptionally useful indicator for a group’s reliance on agriculture.     
 In the end, any additional research will be beneficial in order to gain a better understanding of 
Oneota culture and to address the numerous debates surrounding the practices of this prehistoric 
group.  For Moingona Phase sites in the Central Des Moines River Valley, work conducted by 
Gradwohl (1973), Osborn (1976), and DeVore (1984) laid the ground work needed to begin to 
address these important questions.  In the 1980’s and 1990’s, CRM work conducted by archaeologists 
such as Benn (1991) and Moffat et al. (1990) helped to gain a better understanding of the distribution 
of Moingona Phase sites, site types, chronologies, and possible behaviors of the Oneota living within 
this region.  More recent research has proven that much can still be learned from collections 
excavated over 40 years ago, with analysis of faunal and lithic remains conducted by Hall (2007), 
Scott (2006), and Otarola-Castillo (2006) providing much needed data on the Moingona Oneota.  
Hopefully this study, as well as future research, will add to this growing understanding of the late 
prehistoric Oneota culture of the Central Des Moines River Valley.     
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SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13BN12 1055 mano/fc b w 334.1 71.2 65.9 43.6 ig m 2 l/l h/h  s/s p/p e s 
13BN12 1339 mano/fc t w 644.1 118.2 72.4 45.8 ig c 1 h hl s p(rw)  e s 
13BN12 1362 i irr w 799.7 119.9 74.3 48.9 ig m 1 m h s p(w) e s 
13BN12 241 mano/fc b < 1/2 162.9 74.7 39 42.4 ig c 2 h/h hl/hl s/s p/n i i 
13BN12 242 mano/fc b > 1/2 251.3 100.9 81.6 39.7 ig f 2 h/h hl/hl m/m p/p i hs/ps 
13BN12 243 i b < 1/2 631.8 127.6 50.5 72.9 ig c 1 h i s n i i 
13BN12 244 i b > 1/2 453.59 123.8 115.7 61.8 ig c 2 h/h c s n/p e s 
13BN12 245 mano/fc rd w 1044.7 108.6 98.9 57.1 ig m 2 h/h h/h m/m n/n e hs 
13BN12 246 mano/fc rd w 622.8 99.3 93.8 45.8 ig f 1 h h m p e hs 
13BN12 2511 mano/fc pc w 831.9 103.3 83.1 53.1 ig c 1 m h rw n e hs 
13BN12 2528 i b < 1/2 1132.2 178 89 58.6 ig f 1 h i s n i i 
13BN12 348 mano/fc irr w 458.2 101.1 76.2 37.8 ig c 2 m/h i/ss rw/s n/n e ps 
13BN12 399 mano/fc irr w 825.8 107.3 86.3 58.8 ig c 1 h hl s n e s 
13BN12 400 i b < 1/2 300.8 88.9 53.3 43.9 ig c 2 h/h hl/hl s/s n/n i i 
13BN12 433 mano/fc pc w 475.1 95.5 63.3 38.7 ig c 1 m h rw n e s 
13BN12 453 gs/fc s w 3628.7 174 146.2 94.6 ig m 1 h c s p(rw)c e s 
13BN12 474 mano/fc irr w 907.19 129.6 128.7 75 ig m 1 h hl s/s n e s 
13BN12 488 i s w 1360.8 133.7 129.1 79.3 ig m 1 h hl s n e s 
13BN12 545 i b i 635.5 98.5 70.9 46.3 ig f 2 h/h hl/hl s/s p/n i s 
13BN12 546 mano/fc pc w 397.6 101.1 75 43.6 ig f 1 h hl s n e s 
13BN12 547 gs/fc t  w 946.9 113.9 124.3 50.4 s m 1 h c s p e s 
13BN181 283 mano/fc rd w 898.9 133.5 82.5 35.7 ig f 1 h hl rw p e s 
13BN181 292 i irr w 1360.8 169 137.8 53.8 s f 2 m/m inc m/m c e ab/fcr 
13BN181 293 i b < 1/2 152.6 88.5 38.4 31.9 ig f 2 h/h  hl/hl s/s p/p e i 
A
PPEN
D
IX
 1
 
R
EC
O
R
D
ED
 A
TTR
IBU
TE
 STA
TES
 FO
R
 A
R
TIFA
C
TS
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 66
 
 
 
SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13BN181 745 mano/fc rd w 395.1 81.7 80.6 32.7 ig c 1 m h rw p e s 
13BN181 748 mano/fc rd w 248.4 101.7 79.1 33.5 ig f 1 m hl  s  n e hs/ps 
13BN181 836 mano/fc pc w 581.3 93.9 71.6 52.6 ig c 1 m ss s n e s 
13MA21 182 mano/fc b > 1/2 335.3 89.6 46.8 40.6 ig m 2 h/h hl rw p/n s s 
13MA21 183 mano/fc pc w 661.7 120.1 61.5 60.4 ig m 2 m/h h/h s/m c/c e hs 
13MA21 184 mano/fc pc w 732.7 124.1 77.7 44.8 ig m 1 m h m c e s 
13MA21 185 i b cf 382.3 103.1 51.7 62.1 ig c 2 m/m i s/s n/n i i 
13MA21 186 mano/fc b > 1/2 296.8 80.5 75.2 46.9 ig c 1 m h rw pc e s 
13MA21 187 mano/fc rd w 553.6 96 74.4 52.6 ig c 1 h hl s n e s 
13MA21 188 mano/fc irr w 701.3 99.4 81.1 48.7 ig m 1 m h m n e s 
13MA21 189 gs/fc s w 2270 160.8 140.6 60.7 ig m 1 h c s p e s 
13MA21 190 i s > 1/2 1123.3 126.5 94.8 48.1 ig c 2 h/h c s/rw n e s 
13MA21 191 gs/fc b > 1/2 1430 134.6 84.7 76.3 ig c 1 h c s n e s 
13MA21 192 mano/fc o w 528.9 83.9 95 41.8 s m 1 m h rw n e s 
13MA21 194 mano/fc pc w 640 108.4 78.1 57.5 ig c 1 l h s p e s 
13MA21 197 i b < 1/2 130 71.3 39.4 34.8 ig m 1 m h s n i i 
13MA21 316 gs/fc s > 1/2 5896.7 274.6 128.7 76.1 ig m 1 h c s n e s 
13MA21 317 gs/fc b > 1/2 2270 157.3 92.5 90.3 ig m 1 m c s c e s 
13MA21 319 mano/fc b < 1/2 220.6 79.5 45.3 439 ig m  1 h hl rw n s s 
13MA21 321 mano/fc b > 1/2 691.2 107.1 81.9 43.1 ig m 1 m h rw p e i 
13MA21 323 mano/fc o w 268.1 90.1 75 46.1 s c 1 m hl s n e ab 
13MA21 329 i b < 1/2 242.2 100.5 57.5 25.8 s m 2 m/m i m/m p/n e i 
13MA21 343 mano/fc rd w 1059.3 122.8 95.8 54.9 ig m 2 h/h hl/hl s/rw pc/p s s 
13MA21 3550 mano/fc o w 834.3 103.9 83.9 66.1 ig c 1 m h rw c e hs 
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SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13MA21 37 gs/fc s > 1/2 1816 216.7 101.2 90.6 ig m 1 m c s n e s 
13MA21 912 gs/fc s w 1515.4 161 134.8 37.4 ig m 1 m c s n e s 
13MA24 37 gs/fc b < 1/2 2270 230 107.2 89.4 ig m 1 h c s n e s 
13MA30 1922 i b < 1/2 160 86.3 36.6 25.8 ig m 1 h i s n i i 
13MA30 1923 i b > 1/2 699.2 101 86.7 59.4 ig c 1 m c rw pr e i 
13MA30 1925 i b < 1/2 128.8 68.9 64.5 22 s m 1 h i rw p(w) e i 
13MA30 2115 i b < 1/2 157.1 42.6 44.4 47.5 m m 1 m i s n i i 
13MA30 2593 mano/fc pc w 301.9 79.1 62.2 41.7 ig f 1 m ss s n e hs 
13MA30 2843 mano/fc rd w 352.4 79 56.1 46.3 m m 1 h hl rw p(r) e ps 
13MA30 3144 mano/fc pc w 665.1 113 53.5 55.5 ig c 1 l ss s pr e s 
13MA30  364-5 mano/fc b > 1/2 211.8 103 40.9 44.6 ig m 1 h hl s pr s s 
13MA30  366-5  i b i 481.1 99.9 65.1 44 ig c 1 h i m n e i 
13MA30  367-5 mano/fc b > 1/2 142.7 107 56.9 39.5 ig m 2 m/m hl/hl s/m p(r)/n e s 
13MA30  368-5 i o w 618.5 105.2 88.2 38.3 m c 1 l i m n e hs 
13MA30 369 mano/fc rd w 295.3 84.5 65.1 39.5 s c 1 h h s n e s 
13MA30 372 mano/fc b > 1/2 457.4 94.7 76.2 43.2 s m 1 m hl m p(r) e hs 
13MA30  373-5 mano/fc b < 1/2 114.5 50.2 36.1 45.5 ig m 1 m hl s n i i 
13MA30  375-5 mano/fc b < 1/2 89.2 52.6 35.1 41.8 ig c 1 m h s n i i 
13MA30  376-5 mano/fc irr w 209 75.4 69.1 27.8 s f 1 h h s p(r) e s 
13MA30  378-5 mano/fc rd w 432.2 84.2 64.1 42.6 ig f 1 m h s n e s 
13MA30 3868 mano/fc pc w 559.3 101.3 62.3 60 ig m 1 m h s p(r) e s 
13MA30 4284 gs/fc s w 1816 162 142 53.6 ig f 1 h c rw n e s 
13MA30 4366 mano/fc rd w 393.6 100 51.9 50.1 ig c 1 l ss s p(r) e s 
13MA36 22 mano/fc b < 1/2 171.6 68.9 40.7 45.8 s m 1 h h s pc e s 
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SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13PK01 10336 mano/fc pc w 523.2 99.9 76.3 47.7 ig m 1 h hl s p(w) e s 
13PK01 10365 i b < 1/2 70.2 51.1 54.6 16.7 s m 1 h c s n i s 
13PK01 12128 mano/fc rd w 211.8 70.7 67.2 34 s c 1 m h s n e ps 
13PK01 12767 mano/fc b < 1/2 203 86.8 61.9 34 ig c  1 m h s n i i 
13PK01 13180 mano/fc rd > 1/2 535.2 95.1 58.9 56.8 ig c 1 h h s n s s 
13PK01 13181 mano/fc irr > 1/2 763.4 99.9 92.1 46.4 m c 2 h/h hl/hl s/rw n/c e s 
13PK01 13603 gs/fc b > 1/2 6810 211 132 126.5 ig c 1 h c rw n e s 
13PK01 1396 gs/fc b < 1/2 103.6 78.2 69.7 10.4 sm 2 m/m c s/s n i s 
13PK01 1400 mano/fc pc w 426.4 89.2 79.4 49.5 ig m 1 m h s n e s 
13PK01 14212 i b < 1/2 159.6 68.9 74.8 18 ig m 2 h/m c s/rw n/n e s 
13PK01 15168 mano/fc rd w 1193.5 114.6 90.2 66.6 ig c 1 h ss s n e s 
13PK01 15921 mano/i b < 1/2 587.2 75 74.8 50.6 ig c 2 h/h hl/hl rw/s n i s 
13PK01 16704 gs/fc b cf 3178 189 115.3 103.4 ig m 1 h c s n e s 
13PK01 16705 mano/fc o w 1387.4 101.7 120.2 63 ig m 1 m h s n e s 
13PK01 16707 mano/fc o w 671.1 105.8 87.1 44.8 ig c 2 m/m h/h rw/rw n/p(r) e s 
13PK01 16708 i b < 1/2 185.6 77.2 42.2 28.5 ig m 1 h c s n e s 
13PK01 16714 i b < 1/2 115.4 42.8 40.9 44.2 s m 2 m/m hl/hl s/s n/n e s 
13PK01 16721 mano/fc rd w 640 107.6 86 41.2 s m 2 m/m h/h rw/rw p(r)/p(r) s hs 
13PK01 16723 mano/fc rd w 330 79 66.2 41.5 ig c 1 m h s n e ps 
13PK01 17774 mano/fc rd w 198.8 66 50.7 38.3 s m 1 m hl s n e s 
13PK01 17775 gs/fc b < 1/2 215.1 133.4 41.4 16.2 ig f 2 h/h c s/s p(r)/p(r) i s 
13PK01 19261 i b < 1/2 124.5 61.2 59.4 17 s m 2 m/m c s/s n/p(r) i s 
13PK01 19345 mano/fc b < 1/2 275.9 85.7 49.1 42.8 ig c 1 h h s n s s 
13PK01 1950 i b < 1/2 116.9 64.6 63.9 13.5 s m 1 h c s p(r) i s 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 69
 
 
SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13PK01 19814 mano/fc rd w 398.1 92.5 48.4 50.2 ig c 1 h h s n s s 
13PK01 20165 mano/fc s w 779.2 107.3 79.8 47.8 ig f 2 m/m c rw/s n/n e hs 
13PK01 20963 mano/fc b < 1/2 168.2 89 59.9 22.5 ig m 1 h hl s n i i 
13PK01 21142 i b > 1/2 471.1 90 53.5 40.4 ig c  2 m/m h/h s/rw n e hs 
13PK01 21398 i b < 1/2 133.2 65.1 40.9 21.5 s m 1 m c s n i s 
13PK01 21476 gs/fc b < 1/2 163.5 94 65.6 17.6 s c 1 h c s n e s 
13PK01 21526 gs/fc b < 1/2 99.5 80.8 57.5 18.5 ig m 1 l c rw na s s 
13PK01 22741 mano/fc rd w 319 80.9 71.8 35.3 ig m  1 m h s n e s 
13PK01 23127 mano/fc pc w 565.4 99.3 81.6 51.2 ig f 1 l h s c e s 
13PK01 23128 mano/fc pc w 753.9 129.3 90.6 61.9 ig m 1 l h s n e s 
13PK01 23268 mano/fc rd w 1462.9 117.7 107.5 79.3 ig c 1 m h rw n e s 
13PK01 24600 i b < 1/2 98.2 46.4 47.4 23.3 s m 2 h/h c s/s n i s 
13PK01 25288 mano/fc rd w 459.9 80.7 73.4 49.3 ig m 1 h h rw n s s 
13PK01 296 gs/fc s w 738.9 175 123 22.8 s c 2 h/h c s/s n/n s s 
13PK01 298 gs/fc b < 1/2 185.6 107.5 79.3 22.3 ig f 1 h c rw n i s 
13PK01 2999 i b < 1/2 630.1 113.7 82.6 44.2 ig c 1 h i s p(r) i i 
13PK01 3589 i b < 1/2 82.2 68.6 53 12.8 s m 2 m/h c s/s n i s 
13PK01 4121 gs/fc b > 1/2 683.1 111.1 75.7 43.1 s m 1 h c rw n e s 
13PK01 4878 mano/fc b < 1/2 139.2 61.3 54.6 34.3 s c 2 h/h hl/hl s/s n/n s s 
13PK01 5247 gs/fc b < 1/2 155.6 90.1 56.5 20.3 s m 1 m c s n i s 
13PK01 5473 gs/fc b < 1/2 120 76.7 59.3 18.5 ig m 1 m c s n e s 
13PK01 5474 i b < 1/2 56.2 64.2 56.3 13.9 ig m 2 h/h c s/m n/p(r) i s 
13PK01 5998 i b < 1/2 206 139.2 47.1 22.4 ig f 1 h i s n i s 
13PK01 6248 mano/fc irr > 1/2 760.8 94.9 114.9 71.2 ig m 1 h hl s n e s 
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SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13PK01 6306 mano/fc rd w 300 75 58.5 42.6 s m 2 h/m h/hl s/rw n/p(r) e s 
13PK01 6307 gs/fc b < 1/2 115.7 108.8 62.7 14.4 s m 1 m c s n i s 
13PK01 6420 i b < 1/2 162.4 71.5 59.9 24.1 s c 1 h c s n i s 
13PK01 6512 i b < 1/2 67.3 59.8 58.1 11.8 s m 2 m/m c s/s n i s 
13PK01 6513 i b < 1/2 49.1 78.5 36.5 10.2 s m 1 m c s p(r) i s 
13PK01 6627 gs/fc b > 1/2 1816 150.3 125.4 75.1 ig m 1 h c rw n e s 
13PK01 7379 i b < 1/2 140.5 84.6 65.7 15.7 s m 1 m i m p(r) i s 
13PK01 7699 i b < 1/2 110 72.4 62.5 15.4 s m 1 m c s n i s 
13PK01 770 mano/fc rd w 441.3 87 78.1 41.5 ig c 1 l i m n e hs 
13PK01 9210 i b < 1/2 55.4 66.3 48 12.1 s m 2 m/m c s/s n/p(r) i s 
13PK01 9497 mano/fc o > 1/2 180.7 84.5 61.2 25.3 s c 2 m/m h/h s/s n e s 
13PK10 114 mano/fc rd w 191.5 81.3 61.3 25 ig m 1 m h s n e s 
13PK10 115 mano/fc b > 1/2 236.7 71.4 49.2 33.4 ig m 1 m h rw p(r) e hs 
13WA02 1016 i b < 1/2 77.9 60.4 30.4 31.9 ig m 1 m h s n e i 
13WA02 2113 i b < 1/2 164.4 95.9 66.3 13.2 m m 1 h c s n i i 
13WA02 2153 i b i 163.1 97.2 59.5 17.2 s m 1 m inc s n i s 
13WA02 2783 mano/fc b < 1/2 297.6 68.5 76 49.1 ig f 1 m h rw p e s 
13WA02 3550 mano/fc b > 1/2 834.1 100.5 86.2 60.2 ig m 1 h h rw p e fcr/hs 
13WA02 4965 i b < 1/2 72.9 73.1 44.7 18.5 m m 2 h/m i m/s n/n i i 
13WA02 5267 gs/fc s w too frag 422 244 58.4 s m 1 m inc s n s s 
13WA02 6037 mano/fc b < 1/2 187.3 98.1 49.3 26.4 ig f 2 h/h hl/hl m/s p/p s fcr 
13WA02 6038 mano/fc irr w 907.7 109.5 89.8 51.8 ig m 1 h hl s n e s 
13WA02 634 gs/fc s w 1515.1 159 133.7 37.5 ig m 2 m/m inc m/rw n e w 
13WA102 75 gs/fc b i 868.2 137.1 120 30.3 ig f 2 h/h c m/m n/p(rwy) i hs/an 
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SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13WA105 2236 mano/fc rd w  592.5 84.7 80.2 46.5 ig m 1 h             hl s c e  s 
13WA105 2572 i b < 1/2 134.5 85.4 39.4 24.6 ig f 1 h i s n i s 
13WA105 3499 gs/fc rd w 1823.1 135 128.7 53.4 ig c 1 h c rw n s s 
13WA105 3998 gs/fc b I  907.19 121.5 140.9 80.4 ig f 2 h/h c m/m pc/p s FCR/an 
13WA105 4007 gs/fc b i 458.1 125 88.8 31.2 ig f 2 h/h c rw pc i s 
13WA105 4396 gs/fc irr >1/2 1816 158.7 128.1 69.9 ig m 1 h inc s c e s 
13WA105 4397 gs/fc s w 4082.3 209 164 37.2 ig c 1 m c rw p s s 
13WA105 4398 gs/fc s w 3175.1 193 162 80.1 ig m 1 m c s n s s 
13WA105 4422 i b < 1/2 117.5 80.4 38.5 32.6 ig f 1 h i rw c i s 
13WA105 4423 mano/fc rd w  658.7 95.7 85.8 45.1 ign m 2 h/h hl/hl rw/s n/n s  pg 
13WA105 4486 mano/fc pc w 723.2 113 91.5 46 ig m 1 l ss s n e s 
13WA105 4697 i b i 61.6 63 34.2 18.2 s m 1 h i s n i s 
13WA105  4697T mano/fc rd w 777.4 92.4 89.3 56.1 ig m 1 h hl s p e s 
13WA105 4914 mano/fc b > 1/2 377.6 64.2 80.3 45.2 s m 1 h hl m/m p s i 
13WA105 4927 i b cf 322.3 78.2 55.3 60.1 ig m 1 h hl s n i s 
13WA105 5002 gs/fc s w 5896.7 222 215 94.9 ig f 1 h c s n s s 
13WA105 5003 gs/fc s w 7718 222 193 73 ig m 1 h c s p  e s 
13WA105 884 gs/fc s w 6356 205 200 95.4 ig m 1 h c s p(wry) e s 
13WA105 885 mano/f  r w 1514.2 156.7 117.3 43.7 ig f 1 h hl  s n s s 
13WA105 886 gs/f s  w 4989.5 200 196 100.1 ig f  1 m c  s p s s 
13WA105  887b mano/fc rd w 905.8 108.5 100.7 40.1 ig m 2 h/h hl/hl s/m p/p s hs 
13WA105 900 mano/fc rd w 289.4 75.5 70.7 31.4 ig m 1 h hl/hl m/m p/p e ps 
13WA105 901 mano/fc b > 1/2 582.3 91 67.8 57.2 ig m 2 h/h ss/ss s/s n/n s fcr 
13WA105 904 i b i 380 88.3 71.4 30.1 m c 1 m h rw p i s 
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SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13WA105 905 mano/fc b > 1/2 899.2 109 98.8 50.3 ig c 1 h hl rw p(w) e ps 
13WA106 17 gs/fc b < 1/2 1071.4 85.6 95.3 70.8 ig m 2 h/h c rw/rw n i s 
13WA106 18 i pc w 1814.4 153.3 130.9 89.1 ig m 1 l c s na e s 
13WA106 20 gs/fc s w 2268 154.3 135.5 90.1 ig m 1 m c rw c e ab/an 
13WA106 21 i s w 907.19 160.9 124.8 61.9 s m 2 l/l c m/m p/p e an/hs 
13WA106 23 i b < 1/2 299.3 79.4 50.1 58.8 s f 1 m i s p i s 
13WA106 24 mano/fc b i 1131.2 86.2 98.2 81.7 ig f 1 m hl m/m n e an   
13WA106 26 i b < 1/2 472.7 111.5 52.5 51 ig m 1 m i s n i s 
13WA106 28 mano/fc b < 1/2 218.4 81.1 35.9 56.2 ig c 1 h h s n i s 
13WA107 61 mano/fc rd w 864.6 117.6 87.4 57.3 m m 1 m h rw p e s 
13PK165 1002 mano/fc irr w 897.1 129.7 82.3 57.5 ig c 1 h hl s n e s 
13PK165 1184 i t w 651.8 100.8 88.3 48.1 ig c 1 m h s n e i 
13PK165 1190 i b < 1/2 155.6 49 43 38.9 ig m 1 m h  s n i s 
13PK165 1206 mano/fc b < 1/2 107.7 54.9 39 32.5 ig m 1 h hl m n i ps 
13PK165 3004 i b < 1/2 256.1 68.5 34.1 65.1 ig f 1 h hl s p i i 
13PK165 3005 mano/fc pc w 462.2 94.2 70.3 42.9 ig m 1 h hl rw p e s 
13PK165 3009 i b < 1/2 70 41.9 33.3 37.8 ig m 1 h hl s n i i 
13PK165 3051 mano/f r  w 1180.6 171 113.4 40.2 ig c 1 h hl s n s s 
13PK165 3120 gs/fc s w 5896 240 198 61.4 ig m 1 h c s n e s 
13PK165 3155 mano/f irr w 351.5 82.5 76.1 36.3 ig c 1 h hl s p e s 
13PK165 3315 i b < /2 100 57.8 32.5 29.6 ig c 1 h hl s n i i 
13PK165 3358 i s w 1773.3 153.7 123.4 62.6 s m 1 h c s n e s 
13PK165 3545 i b i 741.6 94 75.3 67 s m 1 m i s n i s 
13PK165 3546 mano/fc b < 1/2 660.9 84.5 74.9 64.7 ig c 1 m h s n i s 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 73
 
 
 
 
SITE AN ART SHP CND W SL SW ST M # WEAR COV TEXT RSD DSN USE 
13PK165 3549 mano/fc b > 1/2 1287.2 133.6 91.5 60.8 ig m 1 h hl rw n e i 
13PK165 3561 i b < 1/2  258.3 74.1 62.9 50.7 s m 1 m h rw n e s 
13PK165 3586 gs/fc irr w 4086 198 138 75.1 ig c 1 l c s n e s 
13PK165 3619 mano/fc b < 1/2 230.1 56.8 52.2 54.2 ig c 1 h hl s p i i 
13PK165 3630 i b < 1/2 1305.7 138.6 94.4 57.6 s c 2 m/m i s/s n/n i i 
13PK165 3823 gs/fc s w 4994 295 280 47.5 ig m 1 m inc s p(w) e s 
13PK165 3894 gs/fc s w 1814.4 205 125.3 67.1 ig c 1 h inc s p e s 
13PK165 3925 mano/fc b i 589.4 110.7 77.6 39.8 ig c 2 h/m hl/hl s/s n/n e s 
13PK165 3936 i b < 1/2 84.9 49.4 47.3 28.3 ig c 1 m h i n i i 
13PK165 3998 mano/fc irr w 633.6 97 80.5 50.3 ig m 1 l ss s n e hs/an 
13PK165 4045 gs/fc s w 3632 198 161.1 78.1 ig c  1 m c s c e s 
13PK165 4048 i s cf 1981.2 160 138.7 53.1 ig m 1 l c s n e s 
13PK165 416 mano/fc b cf 648 126.8 75.1 68.5 s c 2 h/m i s/s p/n i i 
13PK165 4192 gs/fc s cf 6350 310 300 80 s f 1 m h s n s s 
13PK165 4194 gs/fc irr cf 4540 192 172 92 ig m 1 h c s n e s 
13PK165 4196 mano/fc irr w 530 107.4 67.2 56.1 m c 1 m h s n e s 
13PK165 4197 i b < 1/2 336.3 94.9 50.4 51.7 m c 1 m h s n i i 
13PK165 575 i b < 1/2 332.9 76 53.8 52.4 ig c 1 h h s n i i 
13PK165 79 mano/fc pc w 476.6 89 83 39.2 ig m 1 h h s p e s 
13PK165 80 mano/fc irr w 507.6 105.5 74 35.3 ig f 1 h hl s n e i 
13PK165 88 mano/fc irr w 271.8 75.4 67 38.9 ig c 1 h h s p e s 
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Artifact Number AN 
 
Artifact Type ART 
Handstone/Mano 
Flat F 
Flat/concave Fl/C 
Grinding Slab  
Flat F 
Flat/Concave FC 
 
Shape SHP 
Broken B 
Irregular Irr 
Ovoid O 
Pebble/Cobble PC 
Rectangular R 
Round Rd 
Slab S 
Triangular T 
 
Artifact Condition CND 
Whole W 
Conjoined Fragments CF 
Indeterminate I 
More than Half >1/2 
Less than Half <1/2 
 
Weight W 
 
Length SL 
 
Width SW 
 
Thickness ST 
 
Material M 
Igneous I 
Sedimentary S 
Metamorphic M 
Fine Grained F 
Medium Grained M 
Coarse Grained C 
 
 
 
APPENDIX 2 
ATTRIBUTES 
 
 
Wear WEAR 
Light L 
Moderate M 
Heavy H 
 
Wear Type WRTP  
Mano 
Abrasion A 
Abrasion and Impact 
Fractures AI 
Abrasion, Impact Fractures, 
and Chips AIC 
Abrasion, Impact Fractures, 
and Sheen AIS 
Abrasion and Sheen AS 
Impact I 
Chips C 
Impact and Chips IC 
Multiple M 
Sheen S 
Indeterminate I 
 
Surface Coverage COV 
(Manos) 
Highs Only H 
Highs and Lows HL 
Smooth Spots SS 
Smooth all Over S 
Indeterminate I 
Unused U 
(Grinding Slabs) 
Incomplete Inc 
Complete C 
 
Surface Texture TEXT 
Mixed M 
Resharpened R 
Resharpened Worn RW 
Smooth S 
Not Applicable NA 
Indeterminate I 
 
 
 
 
 
 
 
 
Residues RSD 
Carbon C 
None N 
 Pigment P  
 (Red-R, Yellow-Y, White- 
W) 
Indeterminate I 
 
Design DSN 
Expedient E 
Strategic S 
 
Indeterminate I 
 
Use USE 
Single S 
Hammerstone HS 
Pecking Stone PS 
Abraider AB 
Fire Cracked Rock FCR 
Whetstone W 
Anvil AN 
Pigment Processing PG 
Indeterminate I  
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                                                       APPENDIX 3 
                                                      CHI SQUARE 
 
 
 
 
 
  
Observed Expected 
 
Surface  40 40.59  
Units 45 40.59  
Features 38 40.59  
Total 123 123 
 
  
  x2 = 0.6522, .5 < p < .2, with 95% Confidence Interval 
 
 
 
 
 
 
Observed Manos 
Grinding 
Slabs Indeterminate Total 
Surface 26 5 9 40 
Units 15 7 23 45 
Features 19 11 8 38 
Total 60 23 40 123 
     
Expected Manos 
Grinding 
Slabs Indeterminate Total 
Surface 19.5 7.47 13 40 
Units 21.95 8.41 14.6 45 
Features 18.53 7.1 12.35 38 
Total 60 23 40 123 
     
             x2=15.161, .01 < p < .001, with 99% Confidence Interval
Chi Square for all Artifacts 
Chi Square by Artifact Type 
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APPENDIX 4 
 GIS ANALYSIS 
 
Introduction 
 The intent of the second portion of this study is to perform multiple GIS analyses on the 14 
sites in the sample to better understand the habitats exploited by prehistoric groups of the Central Des 
Moines River Valley.  The first portion attempts to address the question of the relative reliance of 
Moingona Oneota groups on agriculture, when compared to earlier Middle and Late Woodland 
cultures.  This will be done using digital data and GIS software to create site catchments around each 
of the sites. Numerous site catchment analyses have also been conducted for other regional variations 
of the Oneota cultures; the results of the site catchments for the Oneota sites will be compared to 
these as well.  Next, many studies on the Oneota have stated that their sites are often located at the 
convergence of floodplain, prairie, and forest, where resources were the most diverse.  Two 
hypotheses will be tested using GIS data, to address the question of whether or not the Oneota were 
settling in regions that had the most diverse habitat types.   
 
Site Catchment Theory 
 Archaeological settlements have been defined as, “the physical locale or cluster of localities 
where members of a community lived, ensured their subsistence, and pursued social functions within 
a delineable time period” (Trigger 1968:55).  The placement of prehistoric settlements is considered 
to be the result of complex interactions between various factors within the overall cultural system of a 
group.  Such factors that determined the size, location, and function of a site include proximity to 
drinking water, availability of raw material, kinship structure (whether groups were nuclear or 
extended), mobility, technology, defenses, and specialization of production (Gibbon 1984).  
Generally, there are two approaches to settlement archaeology: one that focuses on ecological factors 
that determine site location and one that studies settlement patterning based on man to man 
relationships, or the social, political, and religious makeup of a prehistoric culture (Roper 1979; 
Trigger 1968).   
 The ecological approach to settlement patterning is based on the concept that humans must 
interact with the environments that surround their settlements and these environments often put 
constraints on their economic organization (Butzer 1982).  Prehistoric diets, for example, consist 
mainly of plant and animal foods whose distribution is affected by multiple physical and 
environmental variables.  The examination of the relationship between a group’s diet and the 
environment surrounding their settlements is often referred to as settlement and subsistence analysis.  
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As Shermer and Tiffany (1982: 215) note, the central theory behind settlement and subsistence 
studies is that, “the distribution of sites on the landscape is patterned by decisions of prehistoric 
groups concerning environmental variables that they considered important.”   
 Various models have been established to understand the relationship between settlement 
systems and the particular economy/subsistence of a group.  This includes resource gravity models 
which are based on the assumption that sites will be located near the least mobile resources (Butzer 
1982).  In contrast to this, in Van Thunen’s Model, a site is conceived of as an isolated population 
within a homogenous environment.  Distinct concentric land use rings are drawn around a site to 
represent different resource extraction zones, with the first ring being where intensive crops are 
grown and the second ring where forest habitats are located that provide fuel and building materials, 
etc.  This model is based on the law of diminishing returns, which states that the most important 
resources are the ones located nearest to a site (Butzer 1982).    
 Site catchment analysis is very similar to Van Thunen’s Model because it is based on this law 
of diminishing return (Butzer 1982; Roper 1979).   Another assumption made by site catchment 
analysis and other settlement theories is that human behavior is rationale; human groups won’t pursue 
energy expensive resources that provide little nourishment.  This rationality also implies groups will 
first exploit resources closest to their site, with a negative correlation between the distance traveled 
from a site and the intensity of exploitation of a particular resource (Binford 1981).   
 Site catchment analysis is often attributed to Vita-Finzi (1978), who first developed this 
concept based on river catchments in hydraulic studies.  For Vita-Finzi (1978), site catchment was the 
territory within which groups found exploitable resources.  Using data derived from ethnographic 
sources, Vita-Finzi found that hypothetical catchments of two hour walking distances for hunter-
gatherers and one hour walking distances for agricultural groups corresponded with the territories 
exploited by actual hunting and farming societies.  Based on this, the original site catchment analyses 
used physiographic and sedimentary data to reconstruct prehistoric environmental conditions for 
areas surrounding a site within a certain walking distance.  The possible distribution of both organic 
and inorganic resources could than be mapped to reveal possible patterns of overlap or a series of 
nested and related site catchment territories to determine which resources were most important to the 
site inhabitants (Vita-Finzi 1978).  
 Generally site catchment analysis involves drawing a ring of concentric circles around a site, 
with the innermost ring representing the most heavily exploited area.   Since the 1970’s and 1980’s a 
common practice is to draw catchments of 2-5 hour walking times for hunting/gathering groups and 1 
hour catchments for agricultural groups (Roper 1979).  This is based on modern ethnographic data, 
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such as Lee’s (1969) work with Kung! cultures, that there is a consistency in the time 
hunting/gathering versus agricultural groups are willing to travel in one day to procure resources.  
Analyses of resources within these circular catchments are than used to define the plants and animals 
that may have possibly been utilized and harvested by a group.   
 The only published site catchment analysis for a Central Des Moines River Valley site was 
conducted on one of the included sites in this study, the Cribb’s Crib site.  In his master’s thesis, 
Steven DeVore (1984) established a circular catchment around 13WA105 with a fixed two mile 
radius.  In total, the site catchment encompassed 12.57 square miles with seven identified ecotones 
(based on soil types), including tall grass prairie, prairie, wet prairie, mixed prairie and forest, wet 
mixed prairie and forest, forest, and aquatic.  DeVore (1984) found that the prairie ecotone accounted 
for 52% of the total catchment, followed by the mixed prairie and forest ecotones (25%), the forest 
ecotone (18%) and the aquatic ecotones, including both lakes and waterways (3%).  Based on the 
distribution and abundance of these habitats, DeVore (1984) concluded that there were numerous 
exploitable resources that would have been available to the inhabitants of Cribb’s Crib, such as wild 
plants and bottomland soils suitable for growing agricultural crops.  
   Site catchment analyses were also conducted for Oneota archaeological sites throughout the 
Midwest, many of which were included in a book entitled Oneota Studies (1982).  Examples of these 
studies include Joseph Tiffany’s work in Southeast Iowa, Gallagher and Stevenson’s analysis of 
LaCrosse area sites, and Michalik’s work with Huber Phase sites near Chicago.  Joseph Tiffany 
(1982) examined GLO and soils data to determine the landform and vegetation types found within 2 
hour circular catchments for various Southeast Iowa Oneota sites. While none of the sites had similar 
percentages of vegetation types, he found that all of the sites were located near major ecotones where 
local plant diversity was at its greatest.   
 It also appeared that both upland and lowland sites had the same resource potential for 
agricultural, although upland sites would have been located farther away from gardens that were 
planted in the floodplain (Tiffany 1982).  For these Southeast Iowa Oneota sites, Joseph Tiffany later 
outlined other factors that determined the site locations of villages.  This included the availability of 
potable fresh water, substantial forest and forest edge areas for hunting, gathering, and extraction of 
wood for firewood and building materials, easily tillable alluvial soils for farming, clays for the 
production of ceramics, wetland habitats that contain numerous plants and animals, and easy access to 
major river systems for trade and communication purposes (Schermer and Tiffany 1982; Tiffany 
1983).   
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   James P. Gallagher and Katherine Stevenson (1982) also used GLO and soils data to 
determine site catchment areas for Lacrosse area Oneota sites from Southwestern Wisconsin.  For 
their research they first delineated 6 economic zones that were present in their study area including: 
open water, wet bottomlands, dry bottomlands, savanna, sandy prairie, and dry upland.  A two hour 
catchment area was than created, based on walking speed and slope that produced irregular shaped 
polygons around the sites.  Their results show that all sites were located on terraces with a possible 
preference for prairie and savanna settings that were adjacent to both upland forests and lowland 
riverine marsh zones (Gallagher and Stevenson 1982).  Based on soils data they found that all of the 
sites were located on highly productive, well drained soils.  This led Gallagher and Stevenson (1982) 
to conclude that the Oneota groups at these sites had a diffuse economic resource base, with the 
inclusion of agriculture.  
 In contrast to this, Laura K. Michalik (1982) analyzed Huber Phase Oneota sites from the 
Chicago area, concluding that this Oneota group became less reliant on agriculture and broadened 
their resource base to include many wild plant foods.  Using soils and vegetation data, Michalik found 
that sites were differentially located to exploit a diverse number of resources.  Some sites were 
located primarily within a floodplain and wet prairie setting, others had a high percentage of prairie 
habitats with very small amounts of woodland areas, while the third category of sites were located far 
away from any major river and consisted mostly of woodland habitat.  Based on soils data it appears 
that the soils within the different catchments had low agricultural potential due to large amounts of 
clay and sand and low drainage potential.  Michalik (1982) concludes that these Oneota groups may 
represent a Mississippian cultural adaptation to areas in the northern periphery of Illinois that were 
marginal for corn agriculture. 
 
GIS Methods 
 GIS, or Geographic Information Systems technology, is a way of analyzing geographic data 
that may be helpful for site catchment analysis for Woodland and Oneota sites in the Central Des 
Moines River Valley.  In short, GIS is, “a computer system for capturing, storing, querying, 
analyzing, and displaying geographically referenced data” (Chang 2006).  Charles Benton (2001), for 
example, employed GIS technology to determine site catchments for Northwest Iowa Oneota sites.  
Utilizing various digital data sources, such as DEMs (Digitial Elevation Models), soils tables, and 
GLO historic vegetation areas, Benton (2001) was able to first create irregularly shaped catchments, 
based on slope and vegetation, to model two hour walking times from sites.  He then calculated the 
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amount of agricultural and animal sources within each catchment to determine possible carrying 
capacities for populations within the area.   
 For the 14 sites in this study, catchments were first created using a similar method of 
modeling two hour walking distances from sites utilizing the cost surface function, based on slope 
and vegetation land cover.  Next, different soils and vegetation layers will be used to determine the 
proportions of prairie, forest, transitional, and water habitats within the catchments.  The software 
packages used include ArcGIS 9.1 and ArcView 3.3.  All of the digital data in this study were 
downloaded from the Iowa DNR/NRGIS Server; data layers included those for Boone, Dallas, Polk, 
Warren, and Marion counties (Table 11).  Site locations were obtained from the Iowa Office of the 
State Archaeologist (data share agreement) and ISUAL site records.   
   
 
 
 
 
 
 
 
 
 
 
                             
                                                        
 The first step in the site catchment analysis was to delineate site catchment areas around the 
14 sites in the study area.  The initial procedure in creating these layers was to download DEM and 
GLO layers from the Iowa DNR/NRGIS website.  Statewide DEM files were converted into slope in 
degrees and clipped from the five county area.  For the next step, the data layer that was thought to 
best represent the vegetation of the Central Des Moines River Valley around AD 1280 was the land 
cover data from GLO Township field maps that was mapped during initial survey work of the area 
conducted in the mid 1800’s.  (GLO categories represent the historic vegetation types present at the 
time of the initial surveys in the 1800’s.  Soils native vegetation categories represent modern soils and 
the dominant vegetation types in which the soils formed under).  The vegetation data from GLO field 
maps and notes includes the multiple names that surveyors used for different habitats including 
Table 11: Data sources and layers used in GIS modeling 
Soils w/ ISPAID Table Land Capability Class 
  Landscape Position 
  Native Vegetation 
  
  
General Land Office Survey 
(GLO) Vegetation/Land Cover 
    
River Polyline River and Stream location 
    
DEM (Digital Elevation Model) Elevation 
  Slope 
    
Office of the State Archaeologist Site Locations 
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marshes, ponds, barrens, scattering of trees, etc.  These different vegetations zones were first 
reclassed to represent the five major habitat types that are commonly found in the area, including 
prairie (1), forest (2), transition (3), wetland (4), and no data/city (5). 
 Next, the slope data layer was used to model walking speed through the area, based on 
Tobler’s (1993) equation for walking speed on paths in hilly terrain, all of which was calculated using 
Raster Calculator and the different mathematical functions that can be found in the Math toolset under 
Spatial Analysis in ArcGIS. The equation is as follows [Speed = 6 exp (-3.5 * abs (Slope + 0.05)], 
which represents walking speed in km/h.  Tobler (1993) also suggested this walking speed could be 
multiplied by 0.6 to reflect off path travel.  It was assumed that travel did not always take place on 
well built paths in prehistoric times, so this off path weight was also applied to the overall travel 
speed.   
 The GLO vegetation data layers were incorporated into this equation by applying different 
weights to the vegetation types as follows: Prairie 0.8, Forest 1, Transitional 0.8, Wetland 0.6, and 
City/No Data 0.6.  The higher the number of these different weights, there would be less additional 
cost applied to the overall travel speed.  This is why prairie habitats were given a higher number, 
illustrating faster travel, while wetland was assigned a weight of 0.6, illustrating slower travel.  It 
should also be noted that Forest was assigned a weight of 1, based on the assumption that prehistoric 
groups may have found it necessary to travel on paths in these environments.  
 The next step in the GIS analysis was to create the cost surface and cost distance surface 
layers.   Cost surface and cost distances are both raster datasets that apply costs to variables that affect 
the travel through a raster cell (Mitchell 1999).  For example, a raster layer is comprised of individual 
cells that represent an area of 30 by 30 meters.  A cost surface applies a cost to each of these cells 
based on single or multiple factors. A 30 by 30 meter cell that is assigned a cost of 2, results in a cell 
with a value of 60 (30*2=60), while a cost of 3 would equal a cell value of 90.  The cost that is 
applied to these cells can represent many different values, such as time or money.  A cost surface 
layer can than be used to create a cost distance layer that totals cost as it crosses each cell, starting 
from a source cell.  The output layer has raster cell values that show the accumulated cost that 
progressively increases in value (Mitchell 1999).  If the cell size is measured in meters and travel time 
is measured in seconds, the cost distance layer would show the cost in meters/second.   
 These vegetation weights were subsequently multiplied to the initial travel speeds, using 
Raster Calculator; they were also converted into s/m from km/h. This was done because the raster 
resolution of the data layers used is expressed in meters, rather than in kilometers. The resulting data 
layer represents the cost surface, equal to a particular amount of time it would take to travel through 
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one raster cell, based on slope and vegetation land cover costs.  Lastly, the Cost Distance function 
tool in Spatial Analysis was used to create a catchment polygon for each site.  The data layers 
inputted included the site polygon or point feature as the source area and the cost surface layer in s/m; 
a threshold of 7200 seconds (2 hours) was than set to represent a maximum travel distance of 2 hours.   
 From these irregularly shaped polygons, the reclassed GLO layers and Soils Native 
Vegetation, Land Capability Class, and Landscape Position attributes were extracted to illustrate the 
different characteristics of the landscape and habitats within the catchments.  It should be noted that 
when it was attempted to extract the Soils attributes from the polygons, the values would not be 
transferred to the newly created polygon layer.  It has been cited that in some situations ArcGIS 
programs are not adequate for some raster analysis, in this instance it proved not to be suitable in 
transferring raster data from the Soils ISPAID table to a newly created polygon.   
 Because of this, the ArcView 3.3 program was used to first join the Soils ISPAID table to the 
attribute table of the catchment polygons and the necessary attributes were than copied and pasted to 
the catchment attribute table.  Only after these steps were followed did the polygons for the 
catchments contain the necessary Soils data.  Using this information, tables and graphs were created 
for the catchments in order to compare the amount of vegetation habitats in each, as well as general 
landscape characteristics such as landscape position and soil ratings to determine if the land was 
adequate for farming practices.  
 
GIS Results 
 The site catchments created for the different sites are an important portion of this study that 
may illustrate differences in the resource exploitation of prehistoric groups in the Central Des Moines 
River Valley.  In general, the site catchment polygons that were created using the DEM and GLO 
vegetation layers resulted in irregularly shaped polygons that for many sites situated in the floodplain 
seemed to naturally extend long the major water ways.  Interestingly, as well, it was found that the 
earlier Woodland site catchments were considerably smaller than the Oneota site catchments.  For 
example one Middle Woodland site (13BN12) measured 1609 acres, while 13WA107, an Oneota site 
measured 11,724 acres (Figure 22).  This can largely be attributed to the fact that the two Middle 
Woodland sites in the study area were located on somewhat steeper slopes further away from the Des 
Moines River Valley, while many of the Oneota sites were located in the broad flat valley where there 
were fewer restrictions to overall travel speed.  13WA102 and 13WA02 also have almost identical 
catchments, because the two sites are located in close proximity to one another.   
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 Figure 22: Size, in acres, of a Middle Woodland and Oneota catchment 
  
  
 Another important point that should be made about the site catchments is the general location 
of the sites, with the Middle Woodland and Late Woodland sites occurring on the Des Moines Lobe, 
and all of the Oneota sites found further downstream within the Southern Iowa Drift Plain.  The 
Oneota sites also seem to be clustered around 2 specific localities, one near the town of Carlisle, 
Iowa, with many of their site catchments overlapping and appearing almost identical in shape (Figure 
23).  One possible explanation for the common location of these sites is due to sampling; many may 
have been found in this area simply due to the large amounts of archaeological survey work that was 
conducted in the region before the construction of the Red Rock Reservoir.  It may also be that this 
area represents a favored locality of prehistoric groups who returned to this general location season 
after season.  The second locality is along the edges of what is now the Red Rock Reservoir.  These 
sites are slightly more spread out than the sites found near Carlisle, but may also represent either a 
sampling bias or a preference for this locality by prehistoric groups.   
 The next major step in this portion of the study was to analyze the different vegetation types 
within the catchments based on GLO historic vegetation and soils native vegetation data sources.  
One general problem encountered was that the GLO vegetation data layer did not include any data for 
the location of the river.  Because of this, a portion of the catchments that would have been water 
(river) were most often classified as timber or forest.  This may have resulted in an overestimation of 
the amount of forested areas in the GLO data layers.   
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Figure 23: Location of catchments in the Carlisle, Iowa and Red Rock Reservoir localities 
 
 The soils native vegetation layers were useful in that they included the area of the catchments 
that were covered by rivers and streams.  One problem, however, is that the construction of the 
reservoir and dam has drastically changed the landscape of this area, altering the catchments of the 
sites in Marion County that were found along the Red Rock Reservoir and the Late Woodland site 
along the Saylorville Reservoir.  As a result, many of the Marion County Oneota catchments and Late 
Woodland catchment have very high proportions of water that do not accurately portray what the 
environments surrounding the sites were like in prehistoric times (Figure 24).  Because of this, these 
catchments may not be useful in the overall comparison of soils native vegetation between the 
different vegetation types for the 14 sites.    
                                               
 
Figure 24:  Catchment for an Oneota site (13MA36) beneath Red Rock Reservoir 
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 The following figures (25 & 26) illustrate the overall percentages of GLO and soils native 
vegetation habitat types.  The sites are arranged in chronological order, with the Middle Woodland 
sites listed first (13BN181 and 13BN12), followed by the Late Woodland site (13PK165), and ending 
with the 11 Oneota sites.  
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 By examining these graphs, one clear pattern in the distribution of GLO vegetation types is 
the large amounts of timbered habitats that are found in the Middle Woodland (13BN12 and 
Figure 25:  Comparison of GLO Historic Vegetation types for sites in the sample 
Figure 26:  Comparison of soils native vegetation types for sites in the sample 
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13BN181) catchments and later Late Woodland site (13PK165) catchment, compared with the 
habitats for the Oneota sites.  Oneota sites appear to have more balanced percentages between prairie 
and timbered habitats.  It should also be noted that only one site, 13BN181, a Middle Woodland site, 
contains any wetland habitats.  The distribution of soils native vegetation types illustrates a very 
similar pattern, with the two Middle Woodland and Late Woodland sites consisting mostly of forested 
and prairie habitats, while Oneota sites most often consisted of transitional and prairie habitats 
(Figure 27). 
 The next step in the site catchment analysis was to compare the general locations of the sites, 
based on data derived from the soils landscape position category.  Based on this category it appears 
that in general Middle Woodland sites can be found on secondary terraces or uplands, while many of 
the Oneota sites located near Carlisle, IA, and the Late Woodland sites are located either on the 
floodplain or on the stream terraces/footslopes of the Des Moines River. The Oneota sites further 
downstream along the Red Rock reservoir are commonly found on stream terraces or on the uplands 
(Table 12).  
 
        
 
Figure 27: A Middle Woodland, Late Woodland, and Oneota catchment 
 
 
 Finally, the soils Land Capability Class rankings were used to determine whether or not the 
soils within the catchments would be suitable for agricultural purposes (Figure 28).  Land Capability 
Class ranks soils along a scale of 1-7, with 1 representing rich agricultural soils and 7 representing 
soils that have numerous restrictions on the amount and quality of crops that can be produced.  One 
important point to make is that rankings of soils may differ from historic to modern times.  For 
example, both pioneers and Native Americans often times preferred to farm in the fertile floodplains, 
  
87 
whose soils were replenished by the frequent flooding in the area (Donnel 1872).  Prairie soils, 
however, are actually some of the most fertile soils by modern standards, but were not preferred by 
earlier groups because they often times didn’t have the tools adequate for breaking up the thick root 
system of prairie crops (Cooper 1982).  Land Capability Class, however, may indicate some general 
trends of the different soil preferences of prehistoric groups through time. 
 
  
 
 
 
 
 
 
 
 
 
  
 
 
 
 
     
 
Figure 28:  Maps illustrating Land Capability Class and Landscape Position for a Middle Woodland, 
Oneota, and Late Woodland site         
 
 
Table 12:  Soils Landscape Position for sites in the sample 
  Landscape Position 
13BN181 Footslope 
13BN12 Floodplain/Upland Drainage 
13PK165 Floodplain 
13PK10 Floodplain 
13PK01 Stream Terrace 
13WA02 Stream Terrace 
13WA105 Water 
13WA106 High Bench 
13WA107 Stream Terrace 
13WA102 Stream Terrace 
13MA21 Upland 
13MA24 Upland 
13MA30 Upland 
13MA36 Upland 
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 Based on these rankings, there are obvious differences in the soils types found at Middle 
Woodland and Late Woodland sites and those found at later Oneota sites.  In Middle Woodland times 
soils seemed to have not been suitable for agricultural purposes, with the most common soil ranking 
being 7, representing some of the worst soils in the area.  The soils for the Late Woodland site were 
also dominated by poorly ranked soils.  The Oneota sites, however, seem to follow a fairly consistent 
pattern of settling where soils are ranked as 2W, or soils that have few restrictions and have 
somewhat high moisture content (Figure 29).   
 Overall, there seems to be a common pattern in that there are noticeable differences in the 
landscape position, vegetation, and soils types of the catchments when comparing Middle Woodland 
sites, Late Woodland, and Oneota sites in the Central Des Moines River Valley.  This may indicate 
that there were obvious differences in the types of resources the Middle Woodland groups and Late 
Woodland and Oneota groups were relying on.  Middle Woodland groups seem to have located their 
sites near woodland habitats to exploit the various nuts, plants, and woodland animals that are 
commonly found in this region.  By Late Woodland times, groups were continuing to settle in similar 
habitats.  By Oneota times there is a noticeable shift to floodplain settings, where groups perhaps may 
have continuously returned to the same localities to plant small garden plots. 
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Comparisons to Other Oneota Regions 
 
 Variability in Oneota subsistence strategies also seems to occur on a regional scale.  Site 
catchment analysis of Oneota sites in Northwest Iowa, Southeast Iowa, Illinois, and Wisconsin 
Figure 29:  Graph illustrating Land Capability Class ratings for sites in the sample 
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indicate dramatic differences in the resources that would have been available to each of the groups.  
For example, Northwest Iowa and Central Iowa Oneota localities have similar site locations, on 
uplands or floodplains along major river valleys (Benton 2001).  The catchments from the two 
regions, however, covered different area amounts, with some of the larger Northwest Iowa 
catchments measuring approximately 200 acres in size and some of the larger Central Iowa 
catchments measuring approximately 11,000 acres in size (Benton 2001).  
 Although Benton (2001) did not quantify the percentage of soils within his catchments, the 
soil descriptions that he does provide seem to suggest there was adequate availability of agriculturally 
suitable soils.  Benton (2001) also divides his habitats into seven types based on vegetation and 
landscape position, including lowland prairie, lowland woods, wooded hillslopes, upland prairie, 
gallery forest, and water.  Comparisons of the amount of timber available within each catchment 
show that Northwest Oneota sites contained predominantly prairie vegetation, with timbered habitats 
comprising 10-25% of the total catchments (Benton 2001).  Overall it appears there were many 
similarities in the resources available and utilized by Northwest and Central Iowa Oneota groups, 
despite differences in the sizes of the catchments. 
 A more substantial difference appears in comparisons between Central Iowa and Southeast 
Iowa sites.  For Oneota sites along the Mississippi River, Joseph Tiffany (1982) first delineated 2 
mile circular catchments around the sites in his study and than calculated the proportion of upland 
prairie, upland savanna, upland woods, lowland woods, wooded hillslopes, lowland prairie, and 
lowland savanna habitats.  Surprisingly, although these sites were located in similar floodplain and 
upland prairie settings, the catchments were dominated by forested habitats rather than the more 
common prairie habitats noted for a majority of Oneota sites.  Of the 10+ sites analyzed, all but three 
consisted predominately of wooded areas, with percentages ranging from 51.7 to 72.5%.  Only one 
site (13AM60), contained a majority of lowland and upland prairie areas (67%).   
 Based on these numbers, it appears Southeast Iowa Oneota groups were woodland rather than 
prairie adapted societies.  Tiffany (1982) also states because upland and lowland sites contained the 
same types of habitats, Oneota site locations in this region were not determined by the availability of 
plant and animal resources.  Instead, groups may have been settling in these locations to gain access 
to chert, to trade, or for communication or defensive purposes. 
 Comparisons with LaCrosse Oneota catchments may also be beneficial because these groups 
were commonly assumed to have practiced intensive agriculture.  Gallagher and Stevenson (1982) 
created catchments for eight LaCrosse locality sites by establishing 2 hour walking distances based on 
slope data.  Unfortunately vegetation habitats were divided into categories that combined prairie and 
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forest areas, making comparisons with the forest, prairie, and transitional categories used in this paper 
somewhat difficult.  Gallagher and Stevenson’s (1982) classifications include open water, wet 
bottomland, dry bottomland, savanna, sandy prairie, and dry upland.  One similarity, however, that 
can be noted between LaCrosse and Central Iowa sites is their overall sizes, both of which measure 
around approximately 11,000 acres.   
 Based on LaCrosse Oneota dependence on maize agriculture, one surprising aspect of the 
catchments is the very small percentage of agriculturally suitable soils, ranging between only 5.9 and 
29.8%.  Gallagher and Stevenson (1982) do note that when comparing the amount of suitable soils 
within their catchments to the overall region, the Oneota catchments did contain a larger percentage 
of arable soils.  Another explanation for this seeming discrepancy in the data is that the researchers 
first divided their catchments into five concentric resource zones and used only the innermost zone to 
calculate soil percentages.  Examination of agriculturally suitable soils throughout the LaCrosse 
Oneota catchments, than, may be beneficial to determine if there were any notable differences with 
Moingona Phase sites.   
 
Limitations 
 Site catchment analysis also poses some potential problems.  From the late 1970’s to the early 
1980’s, site catchment analysis was seen as a useful method in determining which resources were 
exploited by a prehistoric group.  Numerous archaeologists, however, have noted that site catchment 
analysis may be too simplistic and does not account for the multiple variables that determine where a 
settlement is located and which resources were utilized (Roper 1979).  Criticisms include that the 
circular polygons drawn around a site don’t take into account the entire region that a group may be 
exploiting.  Also, catchments are often analyzed for the proportion of each habitat or land type, with 
researchers failing to realize these land types may support variable amounts of exploitable resources.  
Roper (1979), for example, suggests rather than calculating the percent of land types within a 
catchment, it would be most useful to determine if the group living in that area could sustain 
themselves on the resources within the delineated area.   
 The use of concentric circles or walking times in determining the extent of the catchment is 
also problematic because resources are not distributed evenly within this zone (Butzer 1982).  Plants 
often have patchy distributions, animals can be highly mobile, and both may be available on a 
seasonal basis (Binford 1981).  Modeling the distribution of these plants and animals can also be 
difficult with archaeologists often relying on modern and historical data, such as GLO and soils maps, 
that may not accurately reflect the prehistoric distribution of these organisms (Roper 1979).   
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 Another problem with site catchment analysis is it assumes most resources were obtained 
within the catchment area.  This neglects to include the large amounts of food that was probably 
obtained from bison hunts, located many miles away from camp.  It also neglects to include food 
resources that were obtained through trade with other groups.  Ethnographic evidence shows hunter-
gatherer groups on the Plains often traded bison meat for corn and other cultigens with their Eastern 
neighbors (Will and Hyde 1964).  Although site catchment analysis may show resources that were 
obtained near a site, there is a very high possibility groups were utilizing resources from other areas 
as well.   
 Finally, the two most commonly cited criticisms of site catchment analysis are that settlement 
locations are based on the interaction of multiple factors, not just the location of exploitable food 
resources.  Prehistoric peoples may choose a particular location for purposes of trade, to be in close 
proximity to drinkable water, to be either close or far away from the territories of neighboring groups, 
and for other socio-cultural purposes (Berres 2001; Roper 1979).  For example, the red bluffs along 
the Des Moines River, what is now the Red Rock Reservoir, may have held some important cultural 
significance to prehistoric groups living in Marion and Warren counties.  In historic times, Red Rock 
and Elk Bluff were unique features on the landscape that would serve as markers for the cession line 
in a treaty between the US Government and the Sac and Fox tribes. A tree in close vicinity also 
served as an important meeting place for historic tribes (Rogers 1993).    
 Secondly, many archaeologists argue site catchment analysis reduces humans to biological 
organisms that are continuously seeking the perfect balance between energy burned and energy 
consumed from the resources that they utilize (Berres 2001).  Viewing human behavior in this light, 
however, does not account for the cultural factors that are just as important in determining which food 
resources were consumed, such as food taboos, taste preferences, and religious ideas.  Berres (2001), 
for example, notes many Midwestern tribes were restricted from eating the animal that represented 
their clan and many of these same tribes refrained from consuming bear, although this animal was 
common in northern Oneota regions such as Minnesota and Wisconsin. 
 
Diversity in Oneota Habitats 
 As stated before, the second portion of this study attempts to address two hypotheses related 
to the diversity of habitats within the catchments that were delineated for the sites.  This is based on 
the observation made by many researchers that Oneota groups were settling along floodplain areas, at 
the convergence of forest and prairie.  It is in these areas that the Oneota, perhaps, were finding the 
greatest abundance of diverse resources within the regional landscape of the Central Des Moines 
  
92 
River Valley.  This question regarding the diversity of habitats surrounding Oneota sites may also 
serve to support conclusions in the first portion of this study, that Oneota groups were diversifying 
their resource base to buffer against possible food scarcities.  The first hypothesis in this portion of 
the GIS analysis is as follows: 
 
 Hypothesis 1: The catchment areas surrounding Woodland and Oneota sites contain  
  greater resource (plant) diversity than non-catchment areas in the study   
  region.   
  
 To address this hypothesis, non-catchment areas were first needed to be defined.   In the end, 
it was thought that multiple non-catchment area definitions would be useful, because it was not 
known how the Oneota themselves defined areas of the Central Des Moines River Valley that were 
not suitable for resource extraction, or simply failed to visit on a regular basis.  Based on this, the four 
definitions for non-catchment areas are as follows.  (Included in parenthesis are the various ArcGIS 
9.1 functions that were used to delineate these areas.)  
  
1. all areas not included in the site catchments (erase function) 
2. all areas within a four hour walking time from the major waterway (Des Moines River) 
that are in not included in the catchments (Tobler hiking equation and cost distance 
function) 
3. areas that are located within a specific  horizontal distance from the catchment areas, but 
are not found in the catchments themselves (buffer functions) 
4. areas that occur between 2 to 4 hours in walking time from the site polygons or site 
points (Tobler hiking equation, cost distance function, erase function) 
 
 As in the catchment analysis, data layers for this portion of the study were downloaded from 
the Iowa DNR/NRGIS Website.  Many of the layers, in fact, were derived from datasets that were 
created for the initial site catchment analysis, including the cost surface layer, GLO, soils native 
vegetation, and the river polyline layers.  As can be seen from the list of non-catchment area 
definitions above, the four layers were fairly easy to construct. 
 For definition #1, the catchments for the 14 sites were first merged together and then 
dissolved to omit any overlapps of polygons.  Next, this layer was erased from the GLO Historic 
Vegetation layers that had been created for the five county study area.  For non-catchment area 
  
93 
definition #2, the Des Moines River was first selected from the river polyline layer and was exported 
as a separate layer.  Next, the cost surface area was inputted into the cost distance tool, with the Des 
Moines River serving as the source layer, and a maximum threshold of 4 hours walking time (14,400 
seconds) was set.   The output layer was lastly converted into vector and the catchments were erased 
from this. 
 For non-catchment definition #3, a buffer area of 3 miles was created around the catchments, 
utilizing the buffer tool.  The catchments were then erased from this layer as well.  Finally, for 
definition #4, the cost surface layer was again inputted into the cost distance tool, with the catchment 
areas serving as the source layer, with a maximum threshold of 4 hours walking time (14,400 
seconds) set.  The catchments were erased from this output after it was converted into vector format.  
The maps that follow show the non-catchment areas that were produced.   
 
 
      
 Figure 30: Maps illustrating areas located within non-catchment definitions #1 and #2 
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Figure 31:  Maps illustrating areas located within non-catchment definitions #3 and #4 
 
 The table (Table 13) below shows the percentage of each GLO Historic Vegetation type 
within the catchments.  Based on the hypothesis stated above, however, it was expected that the 
catchment areas would contain greater resource diversity than the non-catchment areas.  This appears 
not to be the case because both the catchment and non-catchment definitions contain all habitat types 
that were defined within the study area.  In part, this may be due to the fact that the habitat categories 
included within this analysis were fairly coarse-grained (low categorical detail).  It is possible that if 
the actual plant diversity within the Central Des Moines River Valley could adequately be modeled 
with GIS software and data, a more diverse habitat distribution would emerge.  But for now, 
hypothesis one is not supported by the results of the study.   
Table 13:  Percent of Historic Vegetation (GLO) types in catchment and non-catchment areas 
 GLO Historic Vegetation Catchments  #1 #2 #3 #4 
1 Prairie 31% 80% 32% 54% 53% 
2 Timber 69% 19% 65% 45% 45% 
3  Transition < 1% < 1% 2% 1% 1% 
4 Wetland < 1% 1% < 1% < 1% 1% 
5 Other < 1% < 1% < 1% 0% < 1% 
 
Total 100% 100% 99% 100% 100% 
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 Based on these observations, however, a second hypothesis was formulated.  Although there 
were no noticeable differences in the types of habitats found within the catchments and non-
catchments, there were obvious differences in the relative proportions of prairie, timber, transitional 
and wetland habitats.  The second hypothesis in GIS modeling for habitat diversity was: 
 
     Hypothesis 2: The composition of habitat types found in the catchment areas is   
 different from the composition of all non-catchment areas (definitions 1   
 through 4).  
 
 In order to address this hypothesis, a chi-square analysis was performed to determine if there 
were statistical differences in the proportion of the different habitat types within the catchments, 
compared to proportions of habitats found in the non-catchment areas.  Initially, when this was done, 
cell frequency was used for the different habitat types to calculate chi square.  Cell frequencies, 
however, in a 30 meter by 30 meter raster layer numbered in the millions for the five county study 
area.  Because of this, it was eventually determined to sub-sample 1000 cells only for each chi-sqare 
analysis, so the power of the results would be somewhat significant.  The table below displays the 
results from these calculations.   
 
 
  
 Again, it appears the chi-square statistics for each of the non-catchment areas was quite high, 
which can be attributed to the large sample size (Table 14).  Cramer’s V, however, the last column in 
the table, measures the general strength of the results obtained from chi-square statistics.  The 
difference between this statistic and chi-square is that Cramer’s V takes into account the population 
size of the sample, with values that range from 0 to 1, while chi-square tests the significance of the 
relationship only.  V scores that range closer to one, indicate there are statistical differences between 
the two samples (Drennan 1996).   
Table 14:  Chi-Square analysis between GLO habitat types of catchment and non-catchment areas 
(sub-
sample 
1,000)      
 Definition 
Chi 
Square p V Strength 
#1 Area Outside Catchments 500 <0.001 0.707 strong 
#2 4 Hour Walking Distance from DMR 83 <0.001 0.288 moderate 
#3 3 Mile Buffer around Catchments 119 <0.001 0.345 strong 
#4 2-4 Walking Distance from Sites 120 <0.001 0.346 strong 
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 Using this statistic, it seems the areas outlying the catchments (definition #1) are most 
different from the catchments themselves, with definitions #3 and #4 (3 mile buffer and 2-4 walking 
distance from sites) appearing to be strongly different as well.  Areas within a four hour walking 
distance from the Des Moines River (definition #2) appear to be the most similar to the actual 
catchments themselves, with only a moderate Cramer’s V result.  Overall, these results seem to 
support the second hypothesis that there were differences in the overall composition of the catchment 
versus non-catchment areas. 
 Despite the limitations discussed in previous sections of the GIS analysis, modeling of the 
possible environments surrounding Oneota sites in the Central Des Moines River Valley produce 
interesting results that seem to support conclusions made in the first section of this paper.  From 
Middle Woodland to Oneota times, there may have been a gradual shift in the economies of 
prehistoric groups.  Middle Woodland cultures were most reliant on woodland resources, while 
Oneota groups may have decided to settle in broad floodplains to increase their input into agricultural 
practices.  This increased reliance on farming, however, may have not been at the expense of other 
resources, with Oneota sites appearing to have settled in areas with the most diverse number of 
resources.  Future analysis would be useful to further refine some of this course grained analyses, but 
results from this initial study could provide some initial support for an Oneota mixed economy.    
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Catchment Tables and Maps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 16: Soils native vegetation types by catchment (in percent) 
 
        
                    
Table 15:  GLO Historic Vegetation types by catchment (in percent) 
GLO Prairie (1) Forest (2) Wetlands (4) Total 
13BN181 16 82 1 99 
13BN12 2 97  0 99 
13PK165 3 97  0 100 
13PK10 60 39  0 99 
13WA02 55 44  0 99 
13PK01 52 47  0 99 
13WA106 54 45  0 99 
13WA107 56 43  0 99 
13WA102 55 45  0 100 
13WA105 59 40  0 99 
13MA21 33 66  0 99 
13MA30 33 66  0 99 
13MA36 16 83  0 99 
13MA24 30 69  0 99 
Mean  41 58 0   
S.D. 18.82 18.73     
CV 42% 34%     
Native 
Vegetation Water Forest Prairie Transition Total 
13BN181 6 35 42 15 98 
13BN12 20 27 46 6 99 
13PK165 70 18 8 3 99 
13PK10 13 8 42 37 100 
13WA02 14 4 46 36 100 
13PK01 13 6 43 37 99 
13WA106 8 3 52 36 99 
13WA107 15 4 47 33 99 
13WA102 14 4 46 36 100 
13WA105 11 3 50 35 99 
13MA21 33 13 34 19 99 
13MA30 44 8 32 15 99 
13MA36 85 13 1 0 99 
13MA24 87 10 2 1 100 
Mean 18 11 42 27   
S.D. 27.45 9.41 16.02 17.57   
CV 228% 94% 38% 51%   
  
 
 
Table 17:  Land Capability Class ratings by catchment (in percent) 
 
  Water 1 2E 2S 2W 3E 3S 3W 4E 4S 5W 6E 6W 7E Total 
13BN181 6 3 14 8 15 12 4 0 3 0 6 3 1 24 99 
13BN12 19 1 10 2 3 3 1 0 0 0 28 0 9 23 99 
13PK165 71 0 4 2 2 5 0 0 0 0 4 1 0 11 100 
13PK10 12 18 1 1 42 3 0 1 1 3 14 1 0 2 99 
13PK01 13 20 2 0 40 1 0 1 0 2 12 1 0 7 100 
13WA02 14 23 2 0 38 3 0 2 0 4 12 0 0 1 99 
13WA105 11 24 3 1 37 3 0 2 1 3 12 1 0 1 99 
13WA106 7 29 4 0 29 5 0 10 1 0 11 1 0 2 99 
13WA107 15 22 1 1 36 2 0 1 1 3 15 1 0 1 99 
13WA102 15 22  1 37 2 0 3 0 3 12 1 0 1 99 
13MA21 34 7 0 0 43 6 0 0 0 0 4 1 0 5 100 
13MA30 45 7 1 0 36 5 0 0 1 0 2 0 0 2 99 
13MA36 85 0 2 0 0 7 0 0 4 0 0 0 0 1 99 
13MA24 88 0 1 0 2 6 0 0 1 0 0 0 0 2 100 
Mean 31 13 3 1 26 5 0 1 1 1 9 1 1 6   
S.D. 27.45 10.37 8.27 2.11 16.69 6.6 1.08 2.61 1.43 1.38 7.79 0.89 2.21 7.65   
CV 105% 86% 137% 211% 64% 1% 0% 261% 143% 138% 86% 89% 221% 127%   
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Figure 32: Howard Goodhue catchment, including GLO Historic Vegetation and soils native vegetation 
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Figure 33:  Howard Goodhue catchment, including Land Capability Class ratings and Landscape 
Position 
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